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ABSTRACT 
This report presents the analysis of various methods for monitoring the reaction kinetics 
of Helianthus annuus transesterification to produce biodiesel, and proposes the use of reduction 
potential as a novel technique for reaction analysis. Multiple experimental trials have 
demonstrated the correlation of reduction potential to established kinetic models. These results 
support the potential application of this technique in both industry and education, providing an 
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EXECUTIVE SUMMARY 
Biodiesel was originally developed as an alternative to crude oils as a means of energy to 
power engines.  This discovery was made in 1937, and since then, biodiesel has received 
growing recognition as a strong candidate for a replacement of crude oil energy.  Biodiesel is 
produced via the transesterification of vegetable oil. Triglycerides in the oil react with an 
alcohol, typically ethanol or methanol, to produce glycerol and fatty acid methyl esters 
(biodiesel). The reaction is typically base-catalyzed, with potassium or sodium hydroxide as the 
catalyst. A major problem in current biodiesel research is the method in which the 
transesterification reaction is quantified. Existing methods for quantification are typically time-
consuming and cost restrictive, rendering the implementation of this reaction in an educational 
laboratory setting impractical, and quality control in an industrial setting expensive.  
 This project examines the kinetic behavior of the transesterification of sunflower seed oil 
(Helianthus annuus), and methanol with a potassium hydroxide catalyst.  Novel analytic methods 
for mapping the kinetics of the transesterification were researched.  
First, a background review of the history of biodiesel was conducted in order to learn of 
the present significance biodiesel has in the economy and chemical engineering.  The chemical 
mechanisms of transesterification were studied to understand further the molecular interactions 
of the reactions.  A review of the safety procedures was also performed: general protocols to 
mitigate risks including explosions and spills in a laboratory environment were learned.  
Research into the electrical properties of biodiesel was also conducted. Several existing methods 
of transesterification kinetic analysis were reviewed in order to compare and research novel 
protocols for quantifying reaction kinetics. Reviewed existing methods include the following: 
 Gas chromatographic analysis of biodiesel samples for obtaining composition data 
for kinetic analysis. 
 High performance liquid chromatography analysis of biodiesel samples for 
obtaining composition data for kinetic analysis. 
 Enzymatic Assay for quantification of glycerol in biodiesel samples.  (Greenhill 
Method) 
 Periodate oxidation assay for glycerol determination in washed biodiesel. 
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 To research novel methods for kinetic analysis of the transesterification reaction, the 
following methodology was completed: 
1. To determine quantitatively the concentration of glycerol in biodiesel, a previously 
developed glycerol assay procedure was employed. This assay involves the periodate 
oxidation of free glycerol to produce formaldehyde, which is then reacted with 
acetylacetone in the presence of ammonium acetate to produce finally 3,5-diacetyl-1,4-
dihydrolutidine, a compound which may be read using spectrophotometric analysis. To 
determine the concentration of glycerol in biodiesel above the normal limit of the assay, 
i.e., at all time points during a reaction, a dilution procedure was devised and tested along 
with the existing procedure. 
2. An investigation of the reduction potential of the transesterification was conducted to 
determine the feasibility and practicality of using reduction potential data as a measure of 
reaction kinetics.  
3. Viscosity tests of laboratory-produced biodiesel were performed to determine reaction 
conversion qualitatively. 
4. Reaction samples were dissolved in excess methanol, resulting in a two-phase mixture of 
unreacted oil (phase one) and biodiesel, glycerol, and methanol (phase two). The oil 
phase in each sample was then weighed and the reaction conversion over time was 
obtained. This test was used as a secondary qualitative measure of reaction conversion.  
Samples taken during laboratory-run transesterification reactions were analyzed 
according to the periodate oxidation of glycerol. Employing the developed dilution scheme for 
samples with glycerol concentrations beyond the capability of the assay, spectrophotometric 
analysis allowed for the determination of reaction kinetics of the transesterification. Results 
indicated that experimentally obtained kinetic data was approximately half that of data for the 
reaction found in the literature. It was concluded that error in using extraction solvent as the 
diluent resulted in the significant difference from literature data. To improve this method, 
research into various diluents should be conducted. Ideally, a diluent should be developed that 
can dissolve the reaction samples without interfering with the glycerol-extraction stage. 
Reduction potential measurement of the transesterification yielded kinetic data that 
closely matched that of model data obtained in the literature. The methoxide catalyst involved in 
  viii 
 
the reaction has a hydroxide concentration which occurs from the disassociation of potassium 
hydroxide. A change in catalyst hydroxide concentration results in a subsequent change in the 
measured reduction potential, which acts in accordance with the progress of the overall reaction. 
Data from multiple trials illustrated a strong correlation between reduction potential and reaction 
conversion. While some error did occur when comparing experimentally obtained data to 
expected data, it was attributed to experimental conditions under which the research was 
performed. Inadequate temperature control and the inability to mitigate methanol vaporization at 
high reaction temperatures lead to inaccuracies with the experimental data. Still, this novel 
method should be repeated in a more controlled environment to verify this procedure further.    
Viscosity testing allowed for a qualitative measure of reaction extent to support the 
previous research into reduction potential. Viscosity values of the produced biodiesel at the end 
of the reaction were slightly different when compared to scientifically accepted values. This 
difference may be attributed to the inherent error of manually determining viscosity. Still, the test 
showed that the transesterification reaction decreased the viscosity of the reacted oil, illustrating 
that the product reached near complete conversion.  
Solvation of reaction samples in excess methanol allowed for a secondary qualitative 
kinetic analysis. This method resulted in a two-phase mixture of each sample tested, one phase 
being unreacted oil, and the second consisting of the remaining reactants and products. Weighing 
the oil phase and relating that to the time at which the sample was removed from the reactor 
allowed for the calculation of reaction conversion. Results indicated a strong correlation between 
the conversion data generated from reduction potential analysis, thus further supporting the novel 
technique of using reduction potential analysis to monitor the progress of the reaction.  
The use of reduction potential to monitor the reaction extent during biodiesel production 
has a variety of applications in both industry and education. As such, a method to monitor the 
extent of the transesterification reaction and determine the concentrations of major products 
would have direct and significant implications for manufacturers of biodiesel. Existing analytical 
methods reviewed in the literature are both expensive and time consuming for manufacturers 
seeking to produce high quality biodiesel both quickly and cost effectively. If the method of on-
line monitoring of the reaction described in this paper was further developed, it could potentially 
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allow manufacturers to determine the quality of biodiesel they are producing in a quick and cost-
effective manner. 
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INTRODUCTION 
As prices of crude oil continue to rise, and climate change concerns grow, the 
development of clean alternative fuel sources continues to gain prominence. Biodiesel, an 
alternative to crude oil, was discovered in 1937 by a Belgian inventor who proposed the use of 
refined vegetable oil to power diesel engines. The significance of the biodiesel industry within 
the United States was recognized when the reliability of crude oil imports became a significant 
concern. As Americans began to recognize the importance of a domestic fuel supply, the 
biodiesel industry began growing rapidly within the United States with significant resources 
invested in biodiesel research (Pacific Biodiesel, 2012, paras. 2, 3, 4).  
Biodiesel is produced via the transesterification of vegetable oil. Triglycerides (the main 
component of vegetable oil) react with an alcohol, typically ethanol or methanol, to produce 
glycerol and fatty acid methyl esters (biodiesel). The reaction is typically base-catalyzed, with 
potassium or sodium hydroxide as the catalyst. After the reaction is complete, the mixture 
separates into two phases: the top layer consisting of fatty acid methyl esters, and the bottom 
glycerol, which is collected as waste. The top layer is then washed with water to remove any 
residual glycerol, unreacted alcohol, and remaining catalyst (Aracil, 2005, p.2).  
 Quality of washed biodiesel is determined using a number of measureable variables, 
including acid value, completion of reaction, removal of alcohol, glycerol, and catalyst, absence 
of free fatty acids (tri-, di-, monoglycerides), and presence of esters (biodiesel). Quality may first 
be viewed scientifically as the extent to which the transesterification reaction has occurred. 
Several methods for determination of reaction extent, and more generally reaction kinetics, for 
transesterification have been designed and tested. Gas chromatography, a common method for 
obtaining reaction kinetics, determines the concentrations of all species that participate in the 
transesterification. Another common technique, high pressure liquid chromatography (HPLC), 
allows for the determination of reaction kinetics by relating absorbance to elution times of the 
components in the biodiesel sample. While effective, these techniques are both time-consuming 
and cost prohibitive.  
 The need for quicker, cheaper methods of monitoring transesterification reaction kinetics 
has arisen for several reasons. Industrially, the equipment cost required by existing analytical 
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methods results in several biodiesel producers having to send their fuel samples to laboratories 
for quality testing. In an educational setting, using transesterification as a teaching subject in 
chemical reaction engineering requires the implementation of expensive bench-scale equipment 
and necessary software required by such equipment. The time required for the completion of 
existing analytical methods renders their use in an educational laboratory setting impractical.  
 To solve these inadequacies in the current field of biodiesel research, this project focused 
on developing alternative real-time methods to analyze the transesterification reaction. To 
address this goal, the following project objectives were set: 
 Investigate the development of an assay method to determine the glycerol concentrations 
of biodiesel reaction samples through spectrophotometric analysis. 
 Explore the connection of reduction potential of the reaction mixture to the kinetics of the 
transesterification. 
 Utilize qualitative methods of characterizing reaction conversion. 
Project objectives were completed in several ways. First, an assay was developed from a 
method previously utilized for the determination of glycerol contamination in washed biodiesel. 
This method exploited the reaction of glycerol with sodium metaperiodate and acetylacetone to 
produce the photosensitive 3,5-diacetyl-1,4-dihydrolutidine, a compound capable of being 
quantified via spectrophotometric absorbance analysis. The procedure for this assay was altered 
using a dilution procedure to create a practical method for the determination of glycerol 
concentrations during the transesterification reaction. Second, a novel method of monitoring 
transesterification reaction kinetic through reduction potential measurements was invented. This 
investigation utilized reduction potential readings from a laboratory pH probe to monitor the 
kinetics of the reaction.  
Third, multiple procedures were conducted to characterize reaction extent qualitatively. 
The viscosity of sunflower seed oil and washed biodiesel was calculated from physical properties 
of the two fluids. A comparison with literature values of viscosity provided an indication of 
reaction conversion. Additionally, a secondary qualitative test was implemented in which 
reaction samples were added to methanol in a 1:9 ratio. Due to the insolubility of oil in methanol, 
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unreacted oil in each of the two-phase samples could be weighed, thus qualitatively determining 
the reaction conversion.  
 The following chapter will provide a review of literature regarding the history of 
biodiesel to illustrate the growth in the biofuel and biodiesel industry. Additional segments will 
describe the chemistry of transesterification and safety of diesel production. The final section 
will discuss existing analytical methods used to determine biodiesel quality and 
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LITERATURE REVIEW 
History of Biodiesel 
 The introduction of biodiesel to the current fuel economy began in 1890, with Dr. Rudolf 
Diesel and his development of the world’s first diesel engines.  Dr. Diesel, concerned with the 
instability of steam engines, sought to develop an engine which would run on pure vegetable oil.  
This vegetable oil-based engine would, according to Dr. Diesel’s visions, hopefully fuel engines 
for agriculture in distant colonies.  In 1900, at the World’s Fair, the French Government’s 
interest in such an engine was made known when they hired Otto Company to construct a diesel 
engine specialized to run on peanut oil.  The desire for efficient ways for the French Government 
to fuel their African colonies drove them to sponsor the construction.  However, after the death 
of Dr. Diesel in 1913, the diesel industry shifted towards petroleum; a new, cheap, and highly 
efficient source of energy (Pacific Biodiesel Co, 2012, para. 1).   
 Petroleum diesel engines quickly dominated the industry, and engines were constructed 
to accommodate the specifications of petroleum.  It was not until World War II that an interest in 
vegetable oil diesel was raised once more.  However, with almost every engine tailored to burn 
petroleum, the much higher viscosity of vegetable oil delayed a switch in primary fuel for diesel 
engines (Pacific Biodiesel Co, 2012, para. 3).   
 In 1937, a Belgian inventor proposed to utilize the known transesterification reaction 
(reaction that produces biodiesel) in order to lower the high viscosity of vegetable oil.  Although 
scientists E. Duffy and J. Patrick had developed this process in 1853, diesel engines were not 
invented at the time of their discovery.  This reaction converted the vegetable oil into fatty acid 
alkyl esters, which could be used in existing specific diesel engines.  Through this chemical 
reaction, modern biodiesel was developed (Pacific Biodiesel Co, 2012, para. 4).   
 
 After the Clean Air Act was passed by the Environmental Protection Agency (EPA), the 
standards for fuel emissions were set much higher.  A significant push for cleaner fuels was 
sparked (Hess, 2012, para. 2).  From the beginning of 1979 to January 1981, the world price of 
crude oil increased by a significant $23 per barrel (Hess, 2012, para. 3).  These trends certainly 
increased the demand for biodiesel research both in the United States and overseas.   
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Researchers like Martin Mittlebach continued to develop the biodiesel industry overseas 
in South Africa and Europe, which accelerated the growing popularity of biodiesel in Europe.  It 
would not be until 9/11/2001 that the United States became deeply invested as a country in the 
biodiesel industry.  By the year 2005, global production of biodiesel had reached 1.1 billion 
gallons annually (Pacific Biodiesel Co, 2012, para. 5).   
 
Chemistry of Transesterification Reaction 
 Biodiesel is produced via the transesterification of vegetable oil. Triglycerides in oil 
reacts with an alcohol, typically ethanol or methanol, to produce glycerol and methyl esters 










The alcohol reagent, (in this diagram: methanol), works to remove the glycerin from the 
triglyceride, which produces a fatty acid methyl ester (FAME) and diglyceride (reaction 1). The 
methyl esters, once present in the system, act as a cosolvent for both sunflower oil and methanol. 
The reaction then becomes one layer, and the kinetics are then controlled by the chemical 
reaction, rather than mass transfer. The diglyceride then cascades down to a secondary reaction 
between diglyceride and the same alcohol, releasing another methyl ester and monoglyceride. In 
Figure 1. Transesterification of Triglycerides (Oil) (Aracil et al., 2005). 
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the third reaction, the monoglyceride is attacked by the alcohol to release a final methyl ester and 
glycerol. Because all three reactions are reversible, methanol is added in excess in order to force 
the reaction forward (Aracil et al., 2005, p.2).  
Both acid and base catalysts may be used to increase reaction rate, however, alkaline 
catalysts are far superior to their acid counterparts in terms of performance. Common catalysts 
include potassium hydroxide or sodium hydroxide. If potassium hydroxide is used as the 
catalyst, however, potassium soaps are produced through two secondary reactions: triglyceride 
saponification and free fatty acid neutralization.  
Literature on the subject reveals that a 6:1 alcohol to oil molar ratio is needed for the 
reaction to reach completion. Alcohol in molar volumes higher than this increases the solubility 
of the mixture, thus making the separation of the glycerol and biodiesel phases after the reaction 
more difficult (Meher et al., 2004).  
Biodiesel Safety 
Safety is of primary concern for each experiment detailed in this paper. The safety review 
below offers a review of the various safety protocols necessary to produce biodiesel. 
Implementation of the safety procedures discussed here will hopefully facilitate laboratory work 
by those attempting to repeat the research discussed in this paper.  
The first consideration is the proper laboratory attire and equipment that is necessary for 
all personnel working in the laboratory.  Other than the basic requirements of long pants and 
shoes, Pennsylvania State University has provided a complete list of safety gear including; 
chemical-resistant gloves, chemistry goggles, face shield, helmet, dust mask or cartridge 
respirator, eyewash station, spray bottle with vinegar, access to running water, telephone and 
emergency contact numbers, absorbent materials and spill-containment supplies.  This list 
provides an important array of safety equipment that must be obtained before attempting to 
produce biodiesel. This laboratory equipment ensures that all personnel are prepared for 
accidents that may occur within the laboratory (“Penn State”, 2008, p.11). 
 After understanding the safety equipment necessary for the lab, it is important to 
understand the dangers posed by each chemical that is being used in the laboratory and how to 
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handle these chemicals properly. The most toxic chemical used in this process is methanol. 
Methanol inhalation or ingestion at high concentration can lead to blindness or death. As 
methanol can be very damaging to the eyes, it is very important to wear safety goggles while 
working with this chemical. Also, the signs of exposure to methanol should be recognizable to 
those working in the laboratory. These symptoms include nausea, vomiting, dizziness and 
difficulty breathing. According to Pennsylvania State University (2008, p.10), Methanol is an 
especially dangerous chemical to work with as it has a flashpoint of only eleven degrees Celsius 
at which temperature a vapor heavier than air is produced which can travel long distances to find 
an ignition source and flashback to the storage tank (“Penn State”, 2008, p.10). 
 The production of biodiesel also requires the use of either sodium hydroxide or potassium 
hydroxide, in preparation for the reaction catalyst. Both of these chemicals are corrosive and can 
cause severe burns when placed in contact with skin. Any inhalation or contact with either of 
these chemicals will result in the need for medical attention. Sodium hydroxide and potassium 
hydroxide should not be stored in the presence of water as the presence of water will negatively 
affect the biodiesel reaction and will release heat upon mixing which could potentially ignite 
other materials. While handling these chemicals, long pants and shoes should always be worn as 
well as goggles, gloves, and an appropriate facemask (“Penn State”, 2008, p.11).  
 It is also critical to ensure that the production facility is suitable to ensure the safety of 
everyone within the facility. Adequate ventilation is vital to prevent the accumulation of 
methanol fumes, which can be extremely hazardous to workers. Also, a facility should provide 
proper ventilation through chemical fume hoods or fans. In addition, the plumbing and electrical 
systems of the facility should be examined to ensure that sufficient water and electricity can be 
provided to the experimental unit. Electrical professionals may need to be contacted to prevent 
the creation of ignition points from inadequate wiring that could ignite uncontained chemicals 
(“Penn State”, 2008, p.12). 
 The security of the biodiesel facility must be sufficient to prevent untrained personnel 
from accessing equipment and chemicals. As the production of biodiesel utilizes potentially 
explosive chemicals, it is necessary that these chemicals are handled and stored properly. 
Hazardous chemicals should always be locked in storage containers when they are not currently 
in use. All flammable liquids should be stored within metal fire cabinets to secure these materials 
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and to reduce possible damage if these chemicals were ignited within the cabinet (“Penn State,” 
2008, p. 18). 
 All storage containers used by the process must be properly labeled to prevent the 
chemicals from being confused. This labeling must apply to all containers to prevent any 
accidental use. These labels should indicate the type of chemical, when the chemical was stored 
or produced, and the hazards posed by each chemical. In addition, Material Safety Data Sheets 
(MSDS) should be available within the facility to be regularly referred to regarding the hazards 
posed by each chemical. A list of chemicals within the facility should also be kept so that in case 
of emergency, appropriate personnel will be aware of what chemicals are present in the facility. 
Additionally, all personnel should be aware that waste from this experiment must be labeled and 
disposed of properly (“Penn State”, 2008, p.19). For example, waste catalysts must be treated 
and labeled as hazardous waste and should never be disposed of in drains.  
 A plan for accidental spills of hazardous materials or oil must be developed to ensure the 
proper management of these problems. It is important to work on a paved or concrete surface to 
simplify the management of spill and prevent the fluid from spreading. The Pennsylvania State 
University suggests the following procedure for the management of spills: First identify the 
problem and to stop the source of the spill. The spill must then be contained and kept from 
spreading to other areas. Once the spill is contained, the material may be recovered with 
absorbent material. Lastly, the absorbent material must be properly disposed. To be prepared for 
potential spills properly, a spill kit should be kept with the facility that includes materials such as 
cat litter and pads meant to absorb chemicals and oils. Also, the creation of small curbs or dikes 
around storage containers will act to impede the flow of the chemical in the case of a spill (“Penn 
State”, 2008, p.19). 
 A specific area of concern expressed by the Chemical Engineering Department at WPI 
has been the occurrence of significant accidents at biodiesel production facilities. Upon review of 
recent accidents, it has become clear that many of these incidents could have been avoided by 
following the above safety protocols. From the review of many accidents at biofuel production 
plants, the majority of accidents resulted from the improper storage and ventilation of hazardous 
chemicals combined with faulty electrical equipment. For example, in 2006, American Biofuels 
suffered a major fire after a small spill of methanol was ignited by an electrical ignition source. 
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This accident could have been avoided if the company had implemented procedures to contain 
chemical spills and had installed a proper electrical system that eliminated ignition sources. In 
another incident in 2009, at Midwest Biorenewables, a safety valve malfunctioned igniting 
biodiesel and destroying the whole production line (Moss, 2010, p.1). These two examples 
illustrate the dangers that are present when producing biofuels. While the production of biodiesel 
does involve the use of hazardous chemicals, the implementation of proper safety protocols and 
the use of properly installed and inspected equipment would have prevented the majority of these 
accidents. 
Review of Existing Analytical Methods for Transesterification  
 A review of the existing methods of transesterification reaction analysis was completed to 
educate researchers on the subject, allowing for the start of new research on transesterification 
reaction analysis. Below is a sufficient review of several methods for quantifying the 
transesterification reaction, including gas chromatography, High Pressure Liquid 
Chromatography, enzymatic glycerol assay, and a periodate oxidation of glycerol assay. Further 
sections in the review discuss kinetic models of transesterification and provide a background on 
the electrical properties of biodiesel.  
Gas Chromatography Method for Biodiesel Sample Analysis  
The primary function of a gas chromatograph is to separate precisely chemicals in a 
sample by percent mass.  Samples under inspection must be able to be vaporized without 
decomposition.  A column in the gas chromatograph is utilized as principal means of chemical 
separation, as different chemicals pass through the column at varying rates, after injection into 
the machine.  Using a flame ionization detector, components are ignited as they elute through the 
column, which releases ions. These ions exit the reactor at various retention times which are 
recorded electronically.   
In a study conducted by Dr. Richard W. Heiden, “Analytical Methodologies for the 
Determination of Biodiesel Ester Purity,” issues with gas chromatography and procedures for the 
mitigation of traceable error are discussed.  The primary problem under investigation was 
extending compatible gas chromatographic methods to petroleum/biodiesel blends, and 
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subsequently the complications and interferences in ester determinations by petroleum 
hydrocarbons.  For this quantification, the following conditions were maintained in order to 
mitigate errors in data collection: 
 Only cool column injectors were utilized 
 Samples were pretreated to remove hexane-insoluble substances  
 Auto-injectors were used to mitigate time-fluctuation 
 A computer interface was used to record data 
 Helium was used as the carrier gas to minimize safety issues 
 Duplicate samples were synthesized 
 Samples were quantified twice per sample 
The precision of this method was evaluated by a series of replicated sample injections. 
Heiden found that a precision of plus or minus 0.5% for total methyl ester determination was 
attainable with this method.  
Gas chromatography of biodiesel produced from a sunflower seed oil transesterification with 
a potassium hydroxide catalyst offers a consistent, reliable method of obtaining concentration 
data for the reaction. Gas chromatographic methods would offer a checkpoint for experimentally 
obtained kinetic data via glycerol assay or other means to be conducted in a laboratory.  
High Pressure Liquid Chromatography (HPLC) 
High pressure liquid chromatography (HPLC) is a method of chromatographic analysis 
used to quantify the specific components of a sample mixture.  A pump is utilized to push a 
mobile phase and sample through a small scale column, which, given the high pressure coupled 
with sorbent particles causes each specific component of a sample to elute from the column at 
varying rates.  Separated components reach a detector, which calculates the retention time of the 
various sample components, and therefore the absorbance of each (in AU). The mass percent of 
the sample components can then be calculated using this data.  
Researchers Hajek, Skopal, and Machek from the Department of Physical Chemistry, at 
the University of Pardubice, investigated the use of HPLC to determine the amount of free-
glycerol in a sample of biodiesel.  These results were then compared to a standard gas 
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chromatographic analysis of the same sample to determine the validity of HPLC quantification.  
The following convention was used to determine the amount of free glycerol in a sample (by 
wt%):  
   
            
     
 
wg = amount free glycerol 
A= peak area of glycerol in the chromatogram 
q=intercept of the calibration curve 
k= slope of the calibration curve 
Vwater= total vol (mL) of concentrate 
mBD= analyzed sample of biodiesel 
(Hajek et Al. 2006, p.2) 
A Separon TM SGX column with a 7 um particle size was used to perform the HPLC 
with deaerated, demineralized water as the mobile phase (flow 0.5 ml min
-1
).  Two definitive 
peaks were observed, the first peak being soaps (retention time: 0.9 min) and the second being 
glycerol (retention time: 1.36 min) (Hajek, et Al. 2006, p.2).     
 To determine effectiveness, the HPLC test was then compared to a referential gas 
chromatograph determination test.  A CHROM 5 gas chromatograph was used with a carrier gas 
of helium (flow rate 36 ml min
-1
).  One peak was generated with a retention time of 2.9 minutes 
(Hajek, et Al. 2006, p.2).  Below, the weight % concentrations of free glycerol were compared 
for both the gas chromatography and HPLC tests:  
 
 
Table 1. Comparison of Results Obtained by Gas Chromatography and HPLC Methods for 
Equally Prepared Aqueous Glycerol Concentrates.   
Method                           GC                     HPLC 
 
 
Concentration of free 
 
    0.139 ±  0.002 
 
0.138 ± 0.007 
glycerol [wt-%] 0.101 ± 0.002 0.096 ± 0.005 
 0.037 ± 0.001 0.038 ± 0.002 
 0.013 ± 0.000 0.014 ± 0.001 
 (Hajek et Al., 2006, p.3) 
 Hence, it was determined that HPLC was an accurate method of glycerol quantification 
when compared to the known procedure of gas chromatography.  However, maintaining a high 
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pressure column is much more costly than gas chromatography, making it a sometimes 
impractical method for glycerol quantification.   
Greenhill Method 
 The Greenhill Method employs the use of an enzymatic glycerol assay with 
quantification of biodiesel samples in a spectrophotometer observing absorbencies at 








Glycerol undergoes phosphorylation by adenosine 5’-triphosphate (ATP), which forms glycerol-
1-phosphate (G-1-P) and adenosine-5’-diphosphate (ADP).  These products are catalyzed by glycerol 
phosphate oxidase to synthesize dihydroxyacetone phosphate (DAP) and hydrogen peroxide (H2O2) 
(Stepan Company, 2005, p.1). 
 A coupling reaction between H2O2 and 4-aminoantipyrine (4-AAP) and sodium N-ethyl-N-(3-
sulfopropyl) m-anisidine (ESPA) occurs with a peroxidase catalyst (POD), which produces a 
quinoneimine dye readable at 540 nm (Stepan Company, 2005, p.1).   
The Stepan Company developed a novel method to determine both the free and total glycerol 
content in biodiesel utilizing the enzyme assay solution.  This method boasts more reproducible data, time 
and cost efficiency, and safer methods than the American Society for Testing and Materials (ASTM) 
glycerin analysis protocol (Stepan Company, 2005, p.1).  This procedure is, however, both costly and 
proprietary, and therefore details of the actual protocol were unable to be found.  The extracted table 
below compares the Greenhill Method to the ASTM D-6584-00 on many different factors including 
analysis time and equipment costs (Stepan Company, 2005, p.1).     
 GK 
















 +4-AAP + ESPA   Quinoneimine Dye + H
2
O 
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Table 2. A Comparison of ASTM D-6584-00 and Greenhill methods. 
 ASTM D-6584-00 Greenhill Method 




















Column must be 





Calibration Time 3 hrs. 6 mins. 
Relative Standard 




















These enzymatic quantifications, although accurate, still require the cost of expensive equipment 
to analyze biodiesel samples, rendering its use for this project impractical.  
Glycerol Assay via Periodate Oxidation 
 Bondioli and Bella claimed that free glycerol in biodiesel may be responsible for failures 
in engines and heating systems.  Thus, it was of concern to develop a repeatable method of free-
glycerol quantification in biodiesel.  Most methods of quantification are derived from gas 
chromatographic analysis (Bondioli & Bella, 2005, p.1).  Their proposed protocol employs the 
periodate oxidation of free glycerol to produce formaldehyde, which is then reacted with 
acetylacetone in the presence of ammonium acetate to produce 3,5-diacetyl-1,4-dihydrolutidine, 
a compound which may be read using spectrophotometric analysis (Bondioli & Bella, 2005, p.1).  
The procedure of utilizing sodium meta-periodate was determined to be quite usable, as it 
yielded a high specific absorbance at 410nm, which increased the potential to obtain accurate 
glycerol concentrations with a low detection limit (Bondioli & Bella, 2005, p2.).    
 The procedure for sample analysis was started by taking a 1 g biodiesel sample and 
dissolving it in 4 mL of hexane, which was then mixed with 4 mL of extraction solvent (95% 
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ethanol in water solution).  Aggressive agitation was used for 5 minutes, followed by 15 minutes 
of centrifugation at 2000 rpm.  After aspiration of the top layer of the sample was completed, 0.5 
mL of the bottom phase was transferred into a new test tube.  The same extraction solvent (1.5 
mL) was then added to a new tube, followed by 1.2 mL of sodium periodate solution (10 mM) 
and a 30 s agitation period.  A 0.2 M acetylacetone solution (1.2 mL) was added to the sample, 
and the vial was then placed in a 70 C bath for approximately 1 minute with continuous stirring.  
The sample was then cooled after the one minute period.  Then, the sample was able to be read at 
410 nm in a spectrophotometer.   
 A calibration curve was generated, and it was determined that the periodate oxidation 
assay is quantifiable up to results of 1.5 absorbance units (AU), with an R
2
 value greater than 
0.99 (Bondioli & Bella, 2005, p.3).  The assay was able to quantify glycerol concentrations in 
samples of washed biodiesel with less than 800 mg glycerol / kg biodiesel sample. Benefits to 
this assay method included reliability, ease of use, and inexpensiveness for daily use. However, 
quantification of biodiesel samples above the stated glycerol limit are not possible with the assay 
as is.   
Electrical Properties, Conductivity, and Reduction Potential of 
Transesterification 
The electrical properties of biodiesel were characterized in a study conducted by Prieto 
and his team of researchers in 2008.  Their primary objective was to determine the effects of the 
biodiesel production process on the conductivity and complex permittivity of biodiesel. Using 
soybean, sunflower, and rapeseed oil, the researchers carried out a transesterification reaction 
and measured the electrical properties of the product as well as the product of successive 
washing steps. By measuring the conductivity of biodiesel products produced using two different 
alcohol-to-oil ratios, the results showed that a significantly higher conductivity was obtained 
with a higher alcohol to oil ratio.  The conductivity of biodiesel samples was also tested at 
different temperatures to determine the effect of varying this factor. The results indicated a linear 
decreasing trend in conductivity for unwashed biodiesel, while washed biodiesel samples 
initially decreased in conductivity and then increased. The researchers concluded that the 
decreasing trend in conductivity resulted from the reduced movement of residual ions of 
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methoxide and sodium hydroxide at higher temperatures. Observed increases in conductivity 
were attributed to a thermally activated process at high temperatures. These results illustrated a 
clear dependence of the conductivity on temperature (Prieto et al., 2008, p.2). 
From these results, the researchers determined that the conductivity as a function of 
temperature could be fit to an Arrhenius law at high temperatures. For high temperatures, the 
conductivity was controlled by a thermally activated process resulting in the applicability of the 
exponential Arrhenius model. However, at lower temperatures below 320 K at higher alcohol to 
oil ratios the conductivity was heavily affected by the presence of residual ions. Also, the results 
indicated that the conductivity of the biodiesel samples decreased after each successive washing 
step. This result was attributed to the lower polarity of the samples resulting from the decreasing 
concentration of methanol in the samples. From this work the researchers concluded that the 
electrical properties of biodiesel could be potentially useful to detect contaminants and 
characterize mixtures during biodiesel production (Prieto et al., 2008, p.3). These findings 
suggest the possible application of electrical properties, specifically conductivity, for monitoring 
changes in methanol concentration.  
 A similar study conducted by Sorichetti et al, sought to characterize biodiesel and 
determine contaminants through electrical properties. In a similar experiment as Prieto, the 
researchers measured the electrical properties of biodiesel after the transesterification of cotton 
oil as well as after three successive washing steps. The results indicated that, as the biodiesel 
sample was washed with deionized water, the conductivity of the samples decreased. The 
decrease in conductivity was attributed to the removal of sodium hydroxide and methanol from 
the biodiesel, resulting in significant decreases in polarization effects of the conductivity probe. 
Researchers concluded that the measurements of electrical properties of biodiesel are an effective 
method for characterizing different stages in biodiesel production (Sorichetti et al., 2005, p.2). 
 The findings of the two previous studies support the potential use of conductivity as an 
online monitoring method during the production of biodiesel. These two studies demonstrated 
that decreasing the concentration of methanol and sodium hydroxide lead to measurable changes 
in the conductivity of the solution resulting from changes in the electrical properties of the 
biodiesel. As methanol concentrations decrease as the transesterification reaction proceeds, 
conductivity measurements could potentially be used to track the progression of the reaction. 
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Kinetics of Potassium Hydroxide Catalyzed Biodiesel Reaction 
José Aracil and his fellow researchers in the Department of Chemical Engineering at 
Complutense University conducted a study of the kinetics of a sunflower oil based catalytic 
methanolysis reaction using potassium hydroxide (KOH) as a catalyst.  Using a batch stirred 
reactor, the reactions were carried out and changes in the following variables were observed: 
impeller speed, temperature, and catalyst concentration.  Reaction analysis was subsequently 
determined through gas chromatography (Aracil et al., 2005, p.1).  Ultimately, Aracil and his 
group of researchers attempted to generalize the methanolysis procedure (for sunflower oil and 
potassium hydroxide) and develop a kinetic model of the reaction. 
 
Aracil et. Al (2005) determined that the reactions governing a sunflower oil 
transesterification with a potassium hydroxide catalyst could be analyzed as a set of pseudo-
homogenous catalyzed reactions (p.2).  These reactions could then be written with equilibrium 
constants and chemical concentrations with respect to reaction time.   From this conclusion, 
using the summation of the rates of both the uncatalyzed and catalyzed reactions, Aracil 
described the overall reaction rates.     
 
 It was also assumed that the three-step reversible reactions described in Figure 1 were 
elementary, which caused both the forward and reverse reactions to follow second-order kinetics.  










































Equation Set 1.  Kinetic equations of all reaction and products with respect to time (T: 




Presented in the set of equations below (2) are the effective rate constants for the kinetics 
of the observed transesterification reaction.  Upon observation of each rate constant equation, it 
can be seen that k1, k3, and k5 represent the reverse rate constants.  Likewise, k2, k4, and k6 
represent the forward rate constants.  The variables k10, k20, k30, k40, k50, and k60, represent rates 
for the uncatalyzed reactions.  Lastly, the variable C holds the value of catalyst concentration.   
k1 ' = k1C + k10
k2 ' = k2C + k20
k3 ' = k3C + k30
k4 ' = k4C + k40
k5 ' = k5C + k50
k6 ' = k6C + k60
 




 From Equation Set 2, the catalyzed rate constants (ki) are directly related to catalyst 
concentration I, unlike the uncatalyzed rate constants (ki0).  Therefore, Aracil reasoned that the 
effective rate constants for the reactions are dependent only on the rate constants of the catalyzed 
reaction. A final set of rate constants equations were then generated:  
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k1 ' = k1C
k2 ' = k2C
k3 ' = k3C
k4 ' = k4C
k5 ' = k5C
k6 ' = k6C
 
Equation Set 3.   Simplified effective rate constants (dependent only on the rate constants of 




= -(k1 ')[T ][A]+ (k2 ')[E][D]
dD
dt
= (k1 ')[T ][A]- (k2 ')[E][D]- (k3 ')[D][A]+ (k4 ')[E][M ]
dM
dt
= (k3 ')[D][A]- (k4 ')[E][M ]- (k5 ')[M ][A]+ (k6 ')[E][G]
dG
dt
= +(k5 ')[M ][A]- (k6 ')[E][G]
dE
dt
= +(k1 ')[T ][A]- (k2 ')[E][D]+ (k3 ')[D][A]- (k4 ')[E][M ]+ (k5 ')[M ][A]- (k6 ')[E][G]
dA
dt
= -(k1 ')[T ][A]+ (k2 ')[E][D]- (k3 ')[D][A]+ (k4 ')[E][M ]- (k5 ')[M ][A]+ (k6 ')[E][G]
 
Equation Set 4.  Pseudo-homogenous catalyzed reactions  
 
 Equation Set 4 improves the differential equations presented in Equation Set 1 by substituting the 
simplified rate constants into the equations.  Each component in the reaction is written as an equation 
based on the state variable for the specific component as a function of time (T, D, M, G, E, A), with input 
variables being simplified to effective rate constants. 
 
 Given the set of rate equations modeling the transesterification of a biodiesel reaction catalyzed 
by potassium hydroxide, each component concentration may be theoretically calculated at a specific time 
in the reaction.  A baseline of comparison for the kinetics of the reaction was projected, which could then 
be compared to any experimentally obtained kinetic data. Meaning, kinetics for any laboratory conducted 
reactions using the same conditions in the previously reviewed paper could be compared to kinetics 
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Viscosity of Methyl Esters and Raw Vegetable Oil 
 Viscosity is an important factor in determining the quality of any synthesized biodiesel.  
Engineer Vern Hofman details the changes in viscosity upon a change in several factors when 
raw vegetable oils are converted to purified methyl esters.  In brief, fuel viscosity changes the 
atomization (fine particle separation) of a fuel, which determines how complete fuel combustion 
will be for a given sample.  Small fuel particle drops are ideal for a complete combustion.  Raw 
vegetable oil generally produces larger drops of fuel, which will burn less efficiently than small 
fuel drops.  Also, the continual use of high viscosity (in centistokes) fuel leads to engine buildup 
(Hofman, 2003, p.2).  Hofman reported methyl and ethyl esters to have an approximate viscosity 
of 5.7 centistokes.  Raw vegetable oil was calculated to have a viscosity ranging from 40 to 50 
centistokes (Hofman, 2003, p.2). The temperatures at which these results were determined were 
not included in the study.   
 Determination of biodiesel viscosity lends itself to an indirect measure of reaction 
conversion and biodiesel quality. The closer the viscosity value of experimentally produced 
biodiesel is to literature values will give a semi-qualitative measurement of how closely the 
transesterification reaction reaches completion.  
  




 Several batches of transesterified product (biodiesel) were first produced by the base-
catalyzed reaction of Sunflower Seed oil (Hellianthus annuus) with methanol. Biodiesel was 
then washed to obtain fuel samples with negligible amounts of glycerol.  To determine 
quantitatively the concentration of glycerol in biodiesel, a previously developed glycerol assay 
procedure was employed. This assay involves the periodate oxidation of free glycerol to produce 
formaldehyde, which is then reacted with acetylacetone in the presence of ammonium acetate to 
produce finally 3,5-diacetyl-1,4-dihydrolutidine, a compound which may be read using 
spectrophotometric analysis. This method works successfully with biodiesel samples containing 
concentrations of glycerol less than 800 mg/kg. To determine the concentration of glycerol in 
biodiesel above this limit, i.e., at all time points during a reaction, a dilution procedure was 
devised and tested. Samples during transesterification reactions run at various temperatures were 
taken and prepared for spectrophotometric analysis using the assay to determine if the altered 
procedure was successful as a study of reaction concentrations, and therefore kinetic analysis.  
 An investigation of the reduction potential of the reaction mixture was conducted to 
determine the feasibility and practicality of using reduction potential data as a measure of 
reaction kinetics. Reaction runs were doubly analyzed by taking 1 mL samples from the reactor 
and mixing them with 9 mL of methanol. The resultant oil phase was then measured for each 
sample to determine reaction conversion qualitatively. 
Biodiesel Production 
Catalyst Preparation 
Solid potassium hydroxide (1.145 g) was weighed using an analytical balance (Ohaus 
Corporation, Explorer). Using a graduated cylinder, methanol (63.66 mL) was measured and 
then transferred to a 200 mL, calibrated volumetric flask. The solid potassium hydroxide pellets 
(85 wt% KOH) were then added to the methanol. Prior to catalyst preparation, the volumetric 
flask was first placed on an air-powered turbine magnetic stirrer (Scienceware, F37002-0000) 
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and securely clamped using standard laboratory equipment. A magnetic stir bar (1.27 cm) was 
used for agitation, dropped in the flask. The catalyst solution was ready for use once all 
potassium hydroxide was completely dissolved in the methanol. This mixture was freshly 
prepared each time a reaction was conducted.  
An air-powered stirrer was used instead of a traditional overhead stirrer or electric 
magnetic stirrer as a safety precaution. Upon heating of the catalyst to temperatures close to the 
flash point of methanol, an accidental spark in electrical equipment could result in an explosion. 
Therefore, as a precautionary measure, an air-powered stirrer was implemented.  
Reaction Conditions 
 A three-neck glass reaction vessel (Pyrex, 500 mL) was used for biodiesel production. 
The reactor was placed on the same magnetic air-powered turbine stirrer used for the catalyst 
preparation, again clamped in place using laboratory metal stands. An immersion heating probe 
and temperature controller were placed in the left and right ports of the reactor (LH Fermentation 
500 Series III Heater). The control unit for the immersion heater was kept in an adjacent hood as 
a safety precaution. A digital pH probe (Thermo Electrion Corporation, Orion 550A) was placed 
in the right neck of the reactor, and taped in such a way that, during reaction, the probe was 
completely immersed in the reactor contents. A teflon coated, magnetic stirring bar (1.27 cm) 
was placed in the bottom of the reactor to agitate the mixture. The same stirrer was used as in the 




























 Sunflower seed oil (250 mL) was pre-heated in the reactor to desired reaction 
temperature. Freshly prepared catalyst was heated to reaction temperature in an adjacent hood 
using a heating mantle (Thermowell, Model C3AM). The reactor was then charged with the 
heated catalyst, with agitation controlled by the turbine stirrer, operated at 6 psi air pressure. This 
pressure remained constant throughout the reaction using an air regulator such that the bar 
rotated at constant revolutions per minute. Reaction time began once the catalyst was charged to 







. Figure 2. Reactor Setup. The figure above depicts the reaction vessel (5) as it is used 
experimentally. Included in the set up are the thermometer (1), immersion heater and 
temperature controller (2,3), conductivity probe (4), and the air-powered turbine magnetic 
stirrer on which the reactor sits. 
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Washing 
 Once the transesterification reaction was complete, the heating element was shut down 
and the reaction vessel was relieved of all probes and clamps.  The contents of the reactor were 
then transferred to a separatory funnel (Pyrex, 500 mL), held securely using appropriate clamps 
and a metal stand. A conical flask (Pyrex, 1000 mL) was placed under the funnel. After 30 
minutes, the contents in the funnel fully split into two distinct layers: the top layer containing 
mostly biodiesel, small amounts of glycerol, and unreacted methanol, and the bottom layer 
comprising mainly glycerol. The bottom phase of the mixture was dispensed from the funnel and 
collected as glycerol waste in the conical flask.  
 Once only the top phase of the mixture remained in the separator funnel, it was washed. 
To wash the biodiesel, distilled water was heated to 35 C, and transferred to a standard squirt 
bottle (500 mL). The water was gently squirted into the separator funnel until a second phase 
formed underneath the top biodiesel layer. This newly formed bottom layer comprises water, 
glycerol, and unreacted methanol and potassium hydroxide. The layer was then drained into the 
waste conical flask. This procedure was repeated several times until the second phase formed 
when adding water was transparent, signifying washed biodiesel.  
 The washed biodiesel was then transferred to the same vessel used for reaction, cleaned 
prior to the transfer. The biodiesel was heated to 100 C for 30 minutes to evaporate any residual 
water in the biodiesel. The biodiesel in the vessel was stirred during heating using the air-
powered stirrer, operated at 5 psi air pressure. The biodiesel was left to cool and subsequently 


















Summary of Glycerol Assay 
 
Glycerol Assay 
To quantify the concentration of free glycerol in washed biodiesel, a previously 
developed method for glycerol detection was implemented. This method employs the periodate 
oxidation of free glycerol to produce formaldehyde, which is then reacted with acetylacetone in 
the presence of ammonium acetate to produce 3,5-diacetyl-1,4-dihydrolutidine, a compound 
which may be read using spectrophotometric analysis.  To a sample of washed, assumingly 
glycerol-free biodiesel, known amounts of glycerol were added to develop a calibration curve. 
Then, samples of biodiesel containing glycerol were analyzed with the aforementioned method 
to obtain the concentration of glycerol present in the samples. This method was then transformed 
to quantify glycerol concentrations in biodiesel samples taken from the reactor throughout the 
reaction time via dilution. 
Reagent Preparation 
The table below delineates the reagents used for the glycerol assay to produce 3,5-
diacetyl-1,4-dihydrolutidine by the reaction of formaldehyde with acetylacetone in the presence 
of ammonium acetate.  
Figure 3. Biodiesel Washing Steps. The picture to the left shows biodiesel added to the 
separator funnel immediately after reaction. The middle picture is the reaction mixture after 30 
minutes of separation. Note the top layer is primarily biodiesel, and the bottom layer primarily 
glycerol. The final picture is after heated distilled water has been added to the funnel to wash 
the fuel. 
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Table 3. Glycerol Assay Reagents. The table below delineates all reagents required for the 
glycerol assay, the final molarities, volumetric amounts, and stability. 




Acetic Acid Stock (aq) 9.6 g Acetic Acid 100 mL Water 1.6 M 1 L 1 Month 
Ammonium Acetate Stock (aq) 
30.8 g Ammonium 
Acetate 




5 mL Acetic 
Acid Stock 
5 mL of 
Ammonium 
Acetate stock 
0.2 M ~10 mL 1 Day 





5 mL Acetic 
Acid Stock 
5 mL of 
Ammonium 
Acetate stock 
10 mM ~10 mL 1 Day 
Extraction Solvent 
Equal volumes of 95% Ethanol and Distilled 
Water 
0.848 M 1 L 1 Month 
Glycerol Reference Stock* 150 mg Glycerol 
~50 mL Extraction 
Solvent 
3.0 mg/mL ~50 mL 1 Month 
Glycerol Reference Working* 
1 mL of glycerol 
reference 




~100 mL 1 Month 
*When preparing glycerol reference stock solution, 150 mg glycerol should be micropipetted 
into a 50 mL calibrated volumetric flask, and filled to volume with the extraction solvent. 
Similarly, when preparing the glycerol reference working solution, 1 mL of glycerol reference 
solution should be pipetted into a 100 mL calibrated volumetric flask, and then filled to volume 
with extraction solvent.  
Preparation of Glycerol Calibration Curve 
 A calibration curve was first constructed using samples of known glycerol concentration 
in biodiesel. Nine polypropylene conical test tubes (Falcon brand, 15 mL) were obtained and 
labeled appropriately. Glycerol reference working solution (0.030 mg/mL) was added in 0.25 mL 
increments to each tube until the final test tube contained 2.00 mL of glycerol solution. Solutions 
in each tube were diluted with extraction solvent until a final volume of 2.00 mL resulted in each 
tube. 
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 Sodium metaperiodate solution (1.2 mL) was added to a single test tube and shaken 
manually for thirty seconds. Acetylacetone solution (1.2 mL) was then added to the same tube. 
The test tube was capped and moved immediately to a thermostated water bath (New Brunswick 
Scientific Gyrotory Water Bath Shaker, Model G76), where it was stirred manually for one 
minute. The tube was then removed from the bath and immediately submerged in a 1 L tap water 
bath, with the temperature maintained at 25 C. This procedure was repeated for all nine samples.  
 Samples were then transferred to individual 3 mL transparent, disposable cuvettes. 
Samples were read in a spectrophometer (Perkin Elmber, Lambda 35) set in double beam mode 
at 410 nm. Absorbance versus glycerol concentration was graphed to obtain the calibration 
curve. This procedure was run in quadruplicate.  
Washed Biodiesel Sample Preparation 
 To quantify the amount of glycerol in the biodiesel product, and therefore evaluate the 
practicality of the washing procedure, biodiesel product was tested in the same manner as 
samples used to develop the calibration curve.  
 Biodiesel product (1 g) was weighed into a glass test tube (round-bottom, 10.16 cm). The 
sample was dissolved in hexane (4 mL) following an addition of extraction solvent (4 mL). The 
tube was stopped tightly, shaken vigorously by hand for five minutes, and then centrifuged for 
fifteen minutes at 2000 rpm (Damon/IEC Division, IEC HT Centrifuge).  
 From the bottom layer of the centrifuged sample, 0.5 mL was extracted and transferred to 
a new tube. Sodium metaperiodate solution (1.2 mL) was added to the test tube and shaken 
manually for thirty seconds. Acetylacetone solution (1.2 mL) was then added to the same tube. 
The test tube was capped and moved to the thermostated water bath stirred manually for sixty 
seconds. The tube was immediately submerged in a 1 L tap water bath, with the temperature 
maintained at 25 C. This procedure was repeated three times using the 1 g samples from the 
same biodiesel product.  
 Samples were then transferred to individual 3 mL transparent cuvettes. Samples were 
read in a spectrophotometer set in double beam mode at 410 nm. Absorbance data from this 
procedure was used along with the calibration curve to determine the glycerol in the sample 
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biodiesel product. This method, beginning with the addition of hexane and terminating with the 
absorbance reading will further be referred to as the “Extraction-Absorbance Procedure.”  
Reaction Emulation  
 To mimic samples that would be taken during the transesterification reaction, biodiesel, 
oil, and methanol were mixed in varying volumes and tested with the glycerol assay in the same 
manner as the washed biodiesel. This procedure was conducted for several reasons. One, it tested 
the viability of the extraction solvent on samples with varying amounts of methanol and oil. It 
was necessary to determine the effect, if any, these two chemicals had on the extraction 
procedure and therefore the final absorbance readings. Second, it saved considerable amounts of 
time and reagent in mimicking reaction samples rather than conducting several, separate 
reactions to obtain a range of samples.  
 Samples of biodiesel (1 g) were transferred into eleven test tubes. The biodiesel was 
continuously stirred to ensure an invariant glycerol concentration in each sample. Methanol and 
oil were then added to the sample in varying amounts as shown in the following table: 
Table 4. Sample Emulation for Testing the Effect of Oil and Methanol on Assay Procedure. 
Sample 
Number 
Oil (g) Methanol (g) 
1 0 2 
2 0.2 1.8 
3 0.4 1.6 
4 0.6 1.4 
5 0.8 1.2 
6 1 1 
7 1.2 0.8 
8 1.4 0.6 
9 1.6 0.4 
10 1.8 0.2 
11 2 0 
 
 The sample was then mixed vigorously, and 1 g from the new mixture was pipetted into a 
new test tube, repeated for all eleven samples. The Extraction-Absorbance procedure was then 
followed to obtain absorbance data for the set.  
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Dilution of Reaction Samples 
 Because the Extraction-Absorbance procedure works well only for biodiesel samples 
with less than 800 mg/kg of glycerol, it was necessary to design a dilution scheme for samples 
taken from the reactor that are highly concentrated in glycerol. The dilution reduces the glycerol 
concentration such that it falls within the range of the calibration curve.  
 Two samples of biodiesel (5 g) were pipetted into two polypropylene test tubes (50 mL). 
It was assumed that the previous washing of the biodiesel was sufficient enough such that the 
glycerol content still present in the sample was negligible. Liquid glycerol at room temperature 
was pipetted into each tube to obtain a 5.0% and 10.0% glycerol in biodiesel solution in each 
tube. Solutions were mixed vigorously for two minutes using a vortex. From each tube, 1 g of 
sample was extracted and transferred to a glass test tube. Hexane (4 mL) followed by extraction 
solvent (4 mL) was added to each glass test tube. The new samples were shaken for five minutes 
with the vortex, followed by centrifugation for ten minutes at 2000 rpm. Once separation was 
complete, 0.5 mL of the bottom phase in each tube were removed and transferred into new glass 
test tubes, followed by the addition of extraction solvent (1.5 mL). These new solutions were 
again mixed thoroughly.  
 Extracted now from both the 5% and 10% solution vials were three 0.10 g samples into a 
total of six new test tubes. Sufficient extraction solvent was added to each tube to obtain final 
solutions containing 300, 400, 500 mg/kg glycerol concentration. To calculate the required 
volume of extraction solvent to obtain these concentrations, the following equation was used: 
(            
           
                 
)                           
          
           
                 
                            
 [MGlycerol  denotes the concentration of glycerol in the solution prior to dilution. In these 
dilutions, targeted concentrations after dilution were 300, 400, and 500 mg/kg. X represents the 
mass, in kilograms, of extraction solvent required during dilution to obtain the desired glycerol 
concentration.  
  29 
 
 The diluted solutions were mixed vigorously using the vortex, and 2 mL of solution was 
transferred from each vial into new test tubes. Finally, the Extraction-Absorbance procedure was 
followed beginning with the addition of 1.2 mL of sodium metaperiodate solution, and ending 
with the absorbance reading. This was repeated for all diluted samples. This procedure was used 
to determine the practicality of using excess extraction solvent as the diluent.  
 Calculated Dilution Requirements 
 Kinetic data for the transesterification was drawn from Aracil’s research and entered into 
POLYMATH, a program used typically for the graphical and analytic solving of differential 
equations (Aracil et Al., 2005). Reaction rate equations for all reactants were entered into 
POLYMATH, along with the respective rate constants for the reaction temperature. The full 
program can be viewed in the Appendix E, page 106.  
When the program was executed, it displayed a graph of the reaction kinetics along with 
a table denoting the concentrations of all reactants and products at various time-points of the 
reaction. An example section of the table is below: 
Table 5. Calculated Reaction Kinetics Data using POLYMATH. 
t D T M G E A 
Time Diglyceride Triglyceride Monoglyceride Glycerol Esters Methanol 
(min) (mol/L) (mol/L) (mol/L) (mol/L) (mol/L) (mol/L) 
0 0.001 1 0.001 0 0 6 
2.004 0.0367619 0.1474983 0.0476122 0.7701277 2.439369 3.560631 
3.001358 0.0238267 0.1066007 0.0275288 0.8440437 2.608016 3.391984 
4.01016 0.016775 0.080035 0.0181015 0.8870885 2.711243 3.288757 
5.003952 0.0125234 0.0622211 0.0129368 0.9143188 2.778353 3.221647 
 This table was used as reference data for dilution. Choice of a time point t denoted in the 
table and the respective glycerol concentration was used to calculate the theoretical required 
mass of extraction solvent needed to dilute the samples into a range within the calibration curve. 
Steps for this calculation are delineated below: 
To calculate the combined mass of monoglycerides, diglycerides, and triglycerides, and 
therefore the total mass of the oil, the following equation was used: 
                                   (




)           
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 [M], [D], [T] denote the concentration in mol/L of monoglycerides, diglycerides, and 
triglycerides; Moil is the molar mass of oil in g/mol. 
Similiarly, for glycerol, fatty acid methyl esters, and methanol, respectively: 
                        (
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)              
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)                
As before, [G], [E], [A] are the concentration in mol/L of glycerol, esters, and methanol. MG, 
ME, MA denote the molar masses in g/mol of the respective chemical.  
The total mass of solution was obtained as the sum of the calculated masses of all products and 
reactants: 
                                           
The concentration of glycerol in mg/kg was calculated as the quotient of the mass of glycerol and 
the total mass of solution: 
     
          (




          
 
At this time t, with 0.10 g sample removed from the reactor, the calculation of required 
extraction solvent was found using the final equation:  
          
            
     




The 400 mg/kg as the denominator in the previous equation represents a sample dilution to a 
final concentration of 400 mg/kg.  
Real-Time Reactor Sampling & Dilution 
 During reaction runs in which samples were required to be taken, the reactor was set up 
in the same manner as discussed in a previous section of this chapter, entitled Reaction 
Conditions. At a specific time t, a sample (1 g) was taken from the reactor and quenched by 
placing the samples in an ice bath. Once all samples were taken during a single reaction run, 
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hexane (4 mL) followed by extraction solvent (4 mL) were added to each sample. Samples were 
then shaken vigorously by hand for five minutes, and centrifuged for 15 minutes at 2000 rpm. 
Following centrifugation, 0.5 mL from the bottom phase of each sample was removed using a 
micropipette and transferred into separate polypropylene tubes. Extraction solvent (1.5 mL) was 
then added to each tube, followed by vigorous shaking. Then, 0.10 g samples from each tube 
were transferred into a new set of test tubes, and sufficient extraction solvent was added to dilute 
the samples to a range within the calibration curve, using the calculations listed above.  
 Once the required mass of extraction solvent was added to the tubes, the diluted samples 
were again shaken vigorously, and 2 mL samples from each tube were transferred to new test 
tubes. From there, the Extraction-Absorbance procedure was used, beginning with the addition 
of 1.2 mL of sodium metaperiodate, and terminating with the spectrophotometric absorbance 
reading. Reactor sampling was completed for a range of temperatures to evaluate the glycerol 
assay and dilution step. 
Reduction Potential Monitoring of Transesterification Reaction 
 As mentioned in the Reaction Conditions section of this chapter, a digital pH probe was 
secured in the reactor. This probe was used to measure the reduction potential of the reaction at 
various temperatures, in an attempt to study the correlation between reduction potential and the 
kinetics of the transesterification.  
 Reactions in which the reduction potential was studied were conducted in the same 
manner as previous biodiesel-producing reactions, run at various temperatures. POLYMATH 
was used to generate calculated values of the concentrations of reactants and products of the 
reaction which was related to the experimentally obtained reduction potential data.   
Viscosity 
 Viscosity of the biodiesel was determined to stand as a qualitative measurement of the 
produced diesel. The materials for the determination of viscosity included two 250 mL graduated 
burettes, a steel sphere, Sunflower oil (as used during reaction), washed biodiesel, 50 mL 
calibrated volumetric flask, and a stopwatch.  
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 First, densities of biodiesel and oil were experimentally determined. A calibrated 
volumetric flask (50 mL) was first weighed. The flask was then filled with the liquid in question 
(biodiesel or oil) to the calibration line, followed by a reweighing of the flask. To obtain the 
density of the liquid, the following equation was used: 
        
(                                                            )
                 
 
This procedure was executed in triplicate for both biodiesel samples and sunflower seed oil.  
 Viscosity measurement requires the time necessary for a metal sphere to pass fully 
through a volume of liquid, followed by a simple calculation.. First, the metal sphere was 
weighed, then placed in a dry, empty calibrated volumetric flask (50 mL). Both the sphere and 
volumetric flask were weighed. The flask was then filled to the calibration line with distilled 
water, and weighed a third time to obtain a collective weight for the sphere, flask, and added 
distilled water. Finally, the following equations were used to obtain the volume of the calibrated 
flask, volume of the added distilled water, and the density of the sphere, respectively: 
                  
((                        )                     )
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 To measure viscosity of the liquid, 250 mL of the liquid (biodiesel or oil) was poured into 
a graduated burette. The height of the liquid in the graduated burette was measured. The sphere 
was first held at the top of the liquid first, then released. At the time of release, a stopwatch 
started measuring the time of the falling sphere until it reached the bottom of the burette. A 
magnet was used to retrieve the sphere. This experiment was repeated in triplicate, with acetone-
rinsing of the ball between trials. The temperature of the liquid was measured during each trial. 
The following equations were then used to calculate the viscosity,    
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 A semi-qualitative test was integrated into the project to determine the conversion 
of the transesterification experimentally, rather than with the use of kinetic models found in the 
literature. Adapted from the 3-27 test discussed in the Literature Review, a 9:1 methanol to 
biodiesel test was used. During a typical transesterification reaction, samples (approximately 1 
mL) were taken from the reactor at various time points and added to test tubes containing 0.200 
mL of 12 Molar Hydrochloric acid. Each test tube was then shaken to halt the reaction. From the 
now quenched reaction sample, 1.200 mL was removed and added to a new test tube containing 
9.00 mL of methanol. The tubes were then capped and shaken vigorously for two minutes, 
followed by centrifugation at 2000 rpm for five minutes. After centrifugation, the sample split 
into two layers: a bottom layer consisting of unreacted oil, and a top layer with methanol and 
diesel. The mass of the oil layer was obtained and this data was resolved into conversion data. 
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RESULTS AND DISCUSSION 
Glycerol Assay 
Biodiesel Washing 
 Glycerol present in biodiesel directly following a laboratory reaction was first removed 
according to the washing steps delineated in the Methodology. Three samples taken from one 
batch of washed biodiesel were analyzed using the Extraction-Absorbance procedure to evaluate 
the practicality of the washing. The goal of the washing was to reduce the glycerol concentration 
in biodiesel to a negligible amount. An average concentration of 64.441 mg/Kg was found in the 
washed biodiesel by comparing the measured spectrophotometric absorbances to the calibration 
curve for the published assay (Bondioli & Bella, p. 156). The negligible concentration of 
glycerol remaining in the biodiesel indicated that the samples could be used to produce accurate 
calibration curves and to verify the effect of other reaction components on the assay results. 
Table 6. Spectrophotometric Absorbance Values of Washed Biodiesel and their respective 
Glycerol Concentration. 
Trial Absorbance Glycerol mg/kg 
1 0.1784 66.074 
2 0.16958 62.807 
3 0.17321 64.1518 
Average - 64.3443 
 
The slight imprecision of the concentration data among the three trials could be due to the 
mixing of the biodiesel as each sample was taken for analysis. Minor spatial variance of glycerol 
present in the diesel may have rendered each sample partially unrepresentative of the entire 
mixture. 
Construction of Calibration Curve  
After determining that the washed biodiesel had a negligible initial concentration of 
glycerol, a calibration curve was created. The curve was constructed by creating standard 
samples additivated with known amounts of glycerol, and subjecting these samples to the 
Extraction-Absorbance procedure. Absorbance data were obtained via spectrophotometric 
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analysis of the prepared samples. Absorbances and corresponding glycerol concentrations from 
the most accurate calibration curve may be viewed in Table 7. The results in Figure 4 indicate a 
linear relationship between glycerol concentration and absorbance. This calibration curve was 











The following table denotes the absorbance data obtained from spectrophotometric analysis that 



























Glycerol mg/Kg Total Solution 
Figure 4. A Glycerol Calibration Curve Based on Spectrophotometric Absorbance 
Data Obtained from Washed Biodiesel Samples with Added Glycerol.  
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Table 7. Spectrophotometric Absorbance Data Used to Construct Calibration Curve. 














Reaction Sample Emulation 
 Samples taken from the reaction vessel during an arbitrary reaction run are assumed to be 
well-mixed and composed of glycerol, oil, methanol, and methyl esters. As the glycerol assay 
was devised only for testing of washed biodiesel, it was necessary to ensure that the methanol 
and oil present in a random reaction sample did not affect the assay.  
The effect of sunflower oil and methanol on the assay was studied by adding varying 
amounts of oil and methanol to a constant mass of biodiesel, and therefore a constant mass of 
glycerol. It is important to note that the biodiesel used in these tests was not subjected to several 
washing steps. Instead, minimal washing of the diesel was conducted to maintain a glycerol 
concentration that could be easily read by spectrophotometric analysis. Table 8 below gives a 
summary of the mass of oil and methanol added to each one gram sample of biodiesel used in the 
experiment. 
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Table 8. Sample Emulation for Testing the Effect of Oil and Methanol on Assay Procedure. 
Sample 
Number 
Oil (g) Methanol (g) 
1 0 2 
2 0.2 1.8 
3 0.4 1.6 
4 0.6 1.4 
5 0.8 1.2 
6 1 1 
7 1.2 0.8 
8 1.4 0.6 
9 1.6 0.4 
10 1.8 0.2 
11 2 0 
 
Accordingly, the absorbance was hypothesized to remain constant as the amount of oil 
and methanol varied due to the constant concentration of glycerol in each sample. The graph 











Figure 5 above indicates that varying oil and methanol amounts both have a negligible 
effect on the glycerol assay. The absorbance values for all samples remained nearly constant and 





















Figure 5. Absorbance Data for Emulated Reaction Samples with Varying Oil and 
Methanol Amounts. 
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on the assay were determined to be minimal because of the specificity of sodium metaperiodate 
to react with glycerol, a vicinal triol. As the oxidation reaction is dependent on the presence of 
two adjacent hydroxyl groups, both oil and methanol do not participate in the reaction to produce 
formaldehyde. The formaldehyde, formed due to the presence of glycerol, later reacts with two 
molecules of the reactant acetylacetone in further steps of the assay to produce the photosensitive 
3,5-diacetyl-1,4-dihydrolutidine, the compound read in the spectrophotometer. 
The determination of the minimal effect of oil and methanol was an important initial step 
in verifying the use of the glycerol assay for reaction samples. The results indicated that the 
changing concentrations of oil and methanol within the reactor would not significantly influence 
the analysis of glycerol within reaction samples. This result confirmed the viability of the 
proposed analysis method and resulted in further development of the assay method.  
Dilution Scheme to Evaluate Glycerol Concentration in Reaction Samples 
After concluding that the reaction components had minimal effects on the glycerol assay, 
a dilution procedure was developed. This procedure would dilute samples taken during a reaction 
that contained too high of a concentration of glycerol that could not be quantified by the existing 
methods of the assay. A second calibration curve was generated by adding known amounts of 
glycerol to samples of washed biodiesel, but diluting these samples with extraction solvent. This 
curve was used in a similar manner as the original calibration curve, but only for diluted samples. 
The amount of extraction solvent used as the diluent was calculated to result in a glycerol 
concentration of a sample within the range of the original calibration curve, namely 100-800 mg 
glycerol/kg biodiesel. The diluted calibration curve is presented in Figure 6 below. 
  39 
 
 
Figure 6. Diluted Calibration Curve. This calibration curve was created by diluting samples of 
glycerol in biodiesel using extraction solvent.  
Quantifying Reaction Kinetics using Glycerol Assay 
 Using the newly tuned glycerol assay (i.e., existing assay with the dilution step) three 
reaction trials were conducted at varying temperatures, and samples were taken during the 
reaction to obtain the glycerol concentration in each sample. The goal of this procedure was to 
relate the glycerol absorbance of each sample to the calibration curve to obtain the reaction 
kinetics of the transesterification. Figure 7 below illustrates the results of the three trials, graphed 
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Although the general trend of each trial closely resembles that of the kinetic data found in 
the literature, the actual values are significantly different. Results from the glycerol assay show a 
final glycerol concentration of approximately 40,000 mg/kg, subsequently resulting in an overall 
reaction conversion that is numerically half that of the value in the literature (95%). Figure 7 
clearly demonstrates some error with the newly tuned assay.  
 Two possible sources of error to explain the observed discrepancy were identified. First, 
the assay was developed from a method used to determine small amounts of glycerol remaining 
in washed biodiesel. Samples containing a glycerol concentration higher than 800 mg 
glycerol/kg biodiesel solution required dilution to be read properly. As the biodiesel samples 
taken during reaction had significantly higher concentrations of glycerol, the extraction step in 
the assay procedure may have been impaired. While the extraction step reliably extracted 
glycerol from washed biodiesel samples, the large concentration of glycerol may have resulted in 
an incomplete extraction leaving significant amounts of glycerol in the untested upper phase. 
Secondly, the dilution calculation may have included inherent error as the samples could not be 
diluted until after the extraction step. This meant that although calculations were based on 































45 C Polymath 35 C Polymath 25 C Polymath
25 C Experimental 35 C Experimental 45 C Polymath
Figure 7. Experimental Transesterification Reaction Kinetics. The figure depicts the 
experimentally determined reaction kinetics using the glycerol assay, graphed against kinetic 
data obtained in the literature at 25, 35, and 45 C. 
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a new calibration curve was created using this method, it is likely that it became a source of 
inherent error. 
Despite the notable error in the developed glycerol assay, the method still shows 
significant promise for development. While the obtained glycerol concentrations values did not 
accurately represent literature values, the trends obtained at the three reaction temperatures 
followed expected kinetic trends. This indicates that excessive dilution most likely reduced each 
of the measured values resulting in vertically shifted, but consistent results. 
Reduction Potential Data 
As described in the Methodology, the reduction potential of the reacting mixture was 
measured during transesterification at various temperatures. The goal, similar to using the 
glycerol assay, was to obtain experimental kinetic data. The following graph displays the 
reduction potential data of all experimental trials conducted at various temperatures. Reduction 
potential data was first changed to conversion data with the formula below:  
                    
                   
















































Figure 8. Experimental Reduction Potential Measurements Converted to Conversion 
Data at Various Temperatures. 
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The following graph displays the conversion data obtained from kinetic rate laws of the 
same reactions at their respective temperatures found in the literature. Conversion data shown 
below was based off glycerol conversion, obtained by dividing the concentration of glycerol at 
time t, by the final glycerol concentration at the end of reaction. Data from this graph was 










To evaluate the experimental data, four trials from the preceeding two figures were extracted and 
compared in the following graphs. The following reaction trials are at 27, 35, 45, and 65 C, 


























































Experimental 27 C Polymath 27 C
Figure 10. Reduction Potential vs. Time at 27 C. This figure displays the experimentally 
































Figure 9: Conversion Data Obtained from Kinetic Rate Laws at Various Temperatures. 
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The reduction potential curve closely matches that of the calculated data; however 
variance occurs in approximately the first seven minutes of reaction. When the reactor was 
charged with the catalyst, the temperature immediately dropped 5 C from the controlled oil 
temperature, and usually required at least five minutes to stabilize to the intended reaction 
temperature. Variance in temperature would result in differences with the expected kinetic data, 
specifically due to the strong temperature dependence of the transesterification kinetics in this 










The reduction potential curve matches almost exactly to the calculated kinetic data. 
Temperature control at this temperature was improved to minimize variance upon addition of the 






















































Experimental 35 C Polymath 35 C
Figure 11. Reduction Potential vs. Time at 35 C. This figure displays the experimentally 
obtained reaction potential data graphed against the calculated conversion data at 35 C.  











Graphed above in Figure 12 is a comparison of reduction potential data at 45 C to kinetic 
data. The experimental data again illustrates a strong correlation between reduction potential data 









































































































Experimental 65 C Polymath 65 C
Figure 12. Reduction Potential vs. Time at 45 C. This figure displays the 
experimentally obtained reaction potential data graphed against the calculated conversion 
data at 45 C. 
Figure 13. Reduction Potential vs. Time at 65 C. This figure displays the experimentally 
obtained reaction potential data graphed against the calculated conversion data at 65 C. 
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The graph detailed above in Figure 13 provides a comparison of calculated kinetic data 
and reduction potential data at 65 C. There are visible deviations between the experimental and 
expected kinetic curves. There are many attributing variables that may have resulted in 
deviations at this temperature. One cause of error is the inadequate temperature control. Because 
the rate of reaction is faster at this temperature, as compared to lower temperature, controlling 
the reaction temperature upon addition of catalyst is more difficult. Another cause of the 
deviation results from error in the probe used to measure reduction potential. This reaction run 
(65 C) was conducted last in experimentation. It was hypothesized that a new probe would 
provide accurate results in the non-aqueous reactor solutions but over time the reliability of the 
probe would significantly decrease. This decrease in reliability of the probe was attributed to the 
storage of the probe in deionized water. Storage of the probe outside of the buffer solution would 
result in the contamination of the reference solution over time, resulting in erratic readings. As 
the experimental trial at 65 C was conducted with an older probe stored in deionized water, it is 
likely that the heightened experimental rate was a result of a malfunctioning probe.  
The correlation between reduction potential data and reaction extent was supported 
strongly by the experimental results described above. Reduction potential can be used to follow 
the extent of the reaction as it can be closely related to the hydroxide concentration of the 
solution. The methoxide catalyst has a hydroxide concentration resulting in a reduction potential 
value of -350 mV, a reading which occurs from the disassociation of remaining potassium 
hydroxide from the reaction below.  
                
       
 When the methoxide solution is first charged in the reactor, the initial reaction rate 
quickly consumes methoxide, shifting the reaction above to the right. This shift results in a 
decrease in the concentration of potassium hydroxide in the solution. A decrease in the 
hydroxide concentration results in a subsequent increase in the measured reduction potential. As 
the rate of the transesterification reaction decreases, the methoxide reaction shifts towards its 
initial equilibrium value. As the transesterification reaction reaches equilibrium, the methoxide 
formation attains a new equilibrium with smaller amount of disassociated potassium hydroxide 
in the solution. This would result in the reduction potential approaching a new value below that 
of the original (-mV) of the initial methoxide solution. 
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Mass transfer between the reactant phases, methanol and sunflower oil, limits the reaction 
rate in the initial stages of the reaction. As the reaction rate decreases as the reaction occurs, it 
asymptotically approaches maximum conversion, limited then by the reaction kinetics.  
Correlation of Glycerol Conversion to Reduction Potential 
 Results from the preceding four figures were used to express glycerol conversion as a 










Expressing the conversion of glycerol as a function of reduction potential reduces the 
need to express the kinetic data as an explicit function of temperature, time, and component 
concentration. Using the relationship illustrated in Figure 14, the transesterification reaction 
kinetics for temperatures conducted within the range of 25 – 65 C may be obtained quickly.  
While Figure 14 provides a clear correlation between concentration data and reduction 
potential data, further experimentation is needed to illustrate that reduction potential is an 
accurate and reliable method of determining this data. The data included in the graph above 
includes only experimental reduction potentials and glycerol concentrations calculated at those 
same time points. To illustrate that reduction potential accurately follows glycerol concentration, 
the components of reaction samples would need to be quantified and correlated to measured 
y = 0.0025x + 0.0967 

























Reduction Potential (-mV) 
Figure 14. Glycerol Conversion vs. Reaction Reduction Potential. 
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reduction potential data obtained from the same experimental trial via gas chromatographic 
techniques. During the current experimentation, time constraints disallowed the integration of a 
gas chromatographic protocol, and therefore calculated data using reaction rate laws found in the 
literature were used to estimate the correlation. While sufficient data is not available to support 
this linear correlation conclusively, enough data has been obtained to support the potential use of 
reduction potential to monitor the transesterification reaction of biodiesel, and support further 
exploration into this promising correlation. 
Viscosity: Biodiesel Quality Test 
The viscosity of the produced biodiesel and oil was tested as a measure of the biodiesel 
quality. One of the most significant purposes of producing biodiesel is to reduce the viscosity of 
oil, therefore increasing its performance when used with diesel engines. As diesel engines were 
designed to run off low viscous fossil fuels, viscous oil cannot directly replace fossil fuels in 
diesel engines without the possibility of detrimental effects resulting from incomplete 
combustion.  
The results of viscosity tests are included in the following table, which also include the 
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Table 9. Viscosity Data for Transesterified Sunflower Seed Oil (Biodiesel) 






)           
 
           
1 6.0311 980 0.385 36 0.7 51.4286 0.9464 10.75 
2 6.0311 980 0.385 36 0.78 46.1538 1.0545 11.98 
3 6.0311 980 0.385 36 0.74 48.6486 1.0005 11.37 
4 6.0311 980 0.385 36 0.76 47.3684 1.0275 11.68 
5 6.0311 980 0.385 36 0.82 43.9024 1.1086 12.6 
Average 6.0311 980 0.385 36 0.83 47.5004 1.0275 11.68 






)           
 
           
1 6.0038 980 0.385 36 2.3 15.6522 3.0955 35.18 
2 6.0038 980 0.385 36 2.6 13.8462 3.4992 39.76 
3 6.0038 980 0.385 36 2.5 14.4 3.3646 38.23 
4 6.0038 980 0.385 36 2.4 15 3.2301 36.71 
5 6.0038 980 0.385 36 1.9 18.9474 2.5571 29.06 
Average 6.0038 980 0.385 36 2.34 15.5691 3.1493 35.79 
 
The viscosity of the biodiesel was experimentally determined to be 11.68 Centistokes 
(Cst) while the average viscosity of the oil was 35.79 Cst. The results of these tests illustrate that 
the transesterification reaction significantly decreased the viscosity of the reacted oil, thus 
producing biodiesel that is better suited for use with diesel engines. 
The literature values for the viscosity of pure biodiesel has been published as 5.7 Cst 
while the average viscosity of raw vegetable oil is typically between 40 and 50 Cst (Hoffman, 
2003, p.2). A comparison of the calculated viscosity with the published data indicates that the 
produced biodiesel is approximately twice as viscous. There are various explanations for this 
discrepancy. To determine the viscosity of the biodiesel, a viscometer could not be obtained, 
resulting in the utilization of a less precise method to obtain the viscosity. This method 
calculated the viscosity based on the density of the solution and the velocity of a ball falling 
through the fluid. It is likely that some error may have originated from this method, mainly 
because the gathering of required data (i.e., time of ball drop) was done manually. Also the 
increased viscosity may have resulted from a lower conversion in the experimentally produced 
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biodiesel, therefore resulting in a higher viscosity. Another important point is that the results in 
this project were determined by conducting viscosity experiments at room temperature. Viscosity 
data in the literature was not reported along with the temperature at which the data was found. 
Because biodiesel viscosity is dependent on temperature, a difference in experimental conditions 
between this project and the reviewed paper would cause the difference in final results.  
  
Qualitative Determination of Reaction Kinetics: 1:9 Test 
 To determine the reaction conversion qualitatively, a 1:9 ratio mixture of reaction sample 
to methanol by volume was utilized, as described in the Methodology. As triglycerides are not 
soluble in methanol, this test results in a bottom layer composed mainly of unreacted oil. 
Therefore, this test could be used to determine the remaining oil in reaction samples, 
subsequently allowing for a qualitative determination of reaction conversion. The following 
picture shows the result of the 1:9 test from a reaction conducted at 47 C:  
 
Figure 15. Qualitative results from 1:9 Test at 47 C. 
The reaction conversion was determined by weighing the bottom layers in each test tube. By 
comparing the measured masses to a sample from the start of the reaction, the reaction 
conversion at each time point at which a sample was taken could be calculated. The results from 
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Table 10. Results from 1:9 Test at 47 C. 
Time 
(Minutes) 
Mass (g) Height 
(mm) 
Conversion 
0 2.76 2.76 0 
0.166667 2.25 2.25 0.184783 
1 1.23 1.23 0.554348 
4 0.85 0.85 0.692029 
8 0.35 0.35 0.873188 
 
The results from this test indicate that the reaction proceeded quickly during the first eight 
minutes of reaction, achieving an 87.3% reaction conversion at this time.  
The conversion data obtained from the 9:1 test was compared to conversion data 












The correlation between reduction potential and measured conversion illustrated in 
Figure 16 indicated that that the two methods follow a similar trend over the first eight minutes 
of reaction included in the figure. During the first three minutes the two methods have the largest 

















1/9 Test 47 C 47.2 (-mV)
Figure 16. Experimental Conversion Data & 9:1 Test Data. Graphed above are the 
experimental conversion data obtained from following the reduction potential of the 
reaction at 47 C, along with the calculated results of the 9:1 test. 
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which made it difficult to take a sample representative of an exact time-point. Also it is 
important to note that the 9:1 test only provides a rough estimation of conversion based upon the 
insolubility of triglycerides in methanol. As the reaction proceeds, other components may be 
included in this layer or may affect the formation of the bottom triglyceride layer, thus altering 
the final results. However, as both trends closely follow each other, the 9:1 test was used to 
support the use of reduction potential as an accurate, reliable measure of experimentally 
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CONCLUSIONS 
 The goal of the current research was to develop alternative methods for the real-time 
monitoring of the biodiesel transesterification reaction. Previous methods to quantify reaction 
extent, including gas chromatography and infrared spectroscopy, while scientifically accepted, 
are both time consuming and cost prohibitive. The current project has identified potential 
methods that could serve to monitor the kinetics of the transesterification reaction of helianthus 
annuus oil to produce fatty acid methyl esters both efficiently and economically. 
A method developed and evaluated for monitoring the biodiesel reaction was the glycerol 
assay. This technique was developed using a previously established assay used to quantify the 
glycerol concentration of washed biodiesel. The assay was altered to include a dilution step 
which allowed for the quantification of samples with high glycerol concentrations (i.e., 
unwashed biodiesel taken during reaction). Significant deviations from calculated concentration 
data resulted from diluting reaction samples into the range of the assay. Despite the associated 
error, the concentration data successfully followed kinetic trends at various temperatures. These 
outcomes indicated that the glycerol assay has potential as an alternative method for the 
determination of glycerol concentrations of reaction mixtures. However the developed assay 
should be further developed by utilizing an alternative diluent to avoid interference with the 
glycerol extraction that the assay provides.  
 Over multiple trials, experimental results supported that reduction potential closely 
approximated kinetic data. Results also indicated a preliminary correlation between reduction 
potential and calculated concentration data. While a strong linear correlation was described in the 
Results and Discussion section, a method of obtaining experimental concentration data such as a 
gas chromatograph protocol would provide the data necessary to support and verify this 
relationship. Such a relationship provides a real-time method of monitoring reaction kinetics.  
Further refinement of the results described in this work would have significant 
applications both in industry and education.  Alternative methods of monitoring reaction extent 
during the production of biodiesel could significantly enhance methods for the quality control of 
biodiesel manufacture. Additionally, these methods could have significant implications for the 
education of undergraduate students learning chemical reaction engineering principles.  
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RECOMMENDATIONS 
 The work described in this report has been meant primarily as an investigation into the 
use of a developed glycerol assay procedure and reduction potential to monitor the 
transesterification reaction to produce biodiesel; and, secondarily, to use qualitative tests to 
support such investigations. The laboratory work was conducted with the resources available 
within the Worcester Polytechnic Institute Chemical Engineering department which resulted in 
the development of a semi-crude reactor apparatus for experimentation. 
Glycerol Assay 
 The glycerol assay with the dilution step resulted in data that showed similar trends to 
calculated kinetic data, but with significant error in values. While the extraction step reliably 
extracted glycerol from washed biodiesel samples, the large concentration of glycerol in samples 
taken during reaction may have resulted in an incomplete extraction, leaving significant amounts 
of glycerol in the untested upper phase. Secondly, the dilution calculation may have included 
inherent error as the samples could not be diluted until after the extraction step. This meant that 
although calculations were based on the concentration of the reaction samples, the samples were 
diluted from extracted solution. To improve this method, research into various diluents should be 
conducted. Ideally, a diluent should be developed that can dissolve the reaction samples without 
interfering with the extraction stage. The use of an alternative diluent would eliminate the major 
flaw of the current research resulting from the use of the extraction solvent in both the dilution 
and extraction steps.  
 Using this glycerol assay would be effective in an educational laboratory for chemical 
engineering students. While the need for spectrophotometric equipment is expensive, this testing 
procedure is significantly faster than using a gas chromatograph or HPLC for quantification.  
Reduction Potential 
 To conduct a thorough investigation into the use of reduction potential, an improved 
reactor should be designed. The reactor should be properly temperature controlled with a 
jacketed reactor to maximize heat transfer and the regulation of temperature. Temperature 
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control should be the main focus of improvement, as the transesterification reaction is strongly 
dependent on this variable. Additionally, the reactor should be designed to be well sealed to 
minimize the loss of methanol vapor, while providing a mechanism to condense methanol vapors 
back into the reactor. A major problem faced in the current reactor setup was the potential for 
methoxide vapors to be ignited by an electrical stirrer. To avoid this problem, an air powered 
stirrer was implemented which minimized the chance of ignition but introduced new 
experimental error. The speed of the stirrer could not be easily measured or regulated so the 
amount of mixing of each reaction could only be determined qualitatively. Future work should 
implement either an overhead air powered stirrer or an explosion proof electric stirrer whose 
rotational speed can be monitored and controlled. 
 A major concern during the current research was the reliability of the probe used to 
monitor reduction potential. The probe used in the current apparatus was a standard laboratory 
digital pH probe designed for use in aqueous solutions. It was observed that, over time, the probe 
began to provide unreliable results that differed significantly from results obtained from earlier 
reaction trials. This degradation of the pH probe could likely be avoided by utilizing a probe 
designed to measure the reduction potential of non-aqueous solutions. The proper use of this 
probe may involve additional calibration steps that would increase the accuracy of the probe 
within solutions similar to the reactor solution. 
 In addition to improving the reactor apparatus, additional experimentation needs to be 
conducted to verify further the possible utilization of reduction potential to monitor the biodiesel 
transesterification reaction. One of the major limitations of this project was the inability to 
quantify the concentration of components within the reaction sample to calculate the conversion 
obtained by various trials definitively. To obtain this data accurately, a gas chromatographic 
protocol should be fully integrated as a method of experimentally determining reaction 
concentrations. This would allow not only to determine the conversion of the final reactor 
solution, but also to correlate concentration data at different time points during the reaction to the 
reduction potential data. This information collected over multiple trials would present an 
opportunity to determine how accurately the reduction potential follows both the extent of the 
reaction and concentrations within the reactor using a previously-tested and reliable method. 
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 A significant application for the developed method would be for manufacturers of 
biodiesel. However, the current research has only indicated the use of reduction potential with 
sunflower oil. As biodiesel manufacturers use a range of different types of oils as well as other 
reaction components, such as catalyst type, it is necessary to determine whether reduction 
potential data can be applied to a range of oil and catalyst reagents. Additional research utilizing 
different types of oil and catalyst concentrations and types would provide an opportunity to 
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FUTURE APPLICATIONS 
 The use of reduction potential to monitor the reaction extent during biodiesel production 
has a variety of applications in both industry and education. A method such as this to monitor the 
extent of the transesterification reaction and determine the concentrations of major products 
would directly have significant implications for manufacturers of biodiesel. The alternative 
methods of analyzing the components of biodiesel reaction mixtures described in the literature 
are both expensive and time consuming for manufacturers seeking to produce high quality 
biodiesel both quickly and cost effectively. If the method of online monitoring of the reaction 
described in this paper was further developed, it could potentially allow manufacturers to 
determine the quality of biodiesel they are producing in a quick and cost effective manner. 
Before this method could be implemented in industry further testing will be required to show 
definitively that the reduction potential trends obtained correlate directly to reaction conversion.  
 From an educational standpoint, the use of reduction potential to determine the extent and 
kinetics of the transesterification reaction could be explored for use in undergraduate chemical 
engineering unit operations laboratories. The developed method of on-line reaction monitoring 
would allow students to follow the reaction and study the resultant kinetic effects of altering 
different variables such as stirrer speed and reaction temperature. For this application, 
determining the exact concentration of the solution would be unimportant, instead the students 
could directly follow the kinetics of the reaction through the reduction potential. The results of 
this research have already indicated that the reduction potential has a strong correlation to 
kinetics at different reaction temperatures. This strong correlation to reaction kinetics would 
provide a significant opportunity to teach chemical reaction engineering principles to the 
undergraduate student, and refrain from the use of more expensive techniques such as gas 
chromatography or high pressure liquid chromatography for determination of reaction kinetics.  
 The obtained results from laboratory experiments supports the potential use of reduction 
potential measurements in both industrial and educational applications. Further, investigation 
into the viability and reliability of this method to monitor the transesterification will likely 
support the use of reduction potential for the applications described above. 
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APPENDIX A: Sample Calculations 
Transesterification Reaction Calculations 
Sunflower Seed Oil & Methanol 
Molar Mass of Sunflower Seed Oil: 873.58 g/mol 
Density of Sunflower Seed Oil: 0.91630 g/ml 
Molar Mass of Methanol: 32.04 g/mol 
Density of Methanol: 0 .7918 g/mol  
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)                     
 
For all reactions a ratio of 6 moles of methanol to 1 mole of oil was maintained. 
 
              
 
 
         
              
 
For a reactor charged with 250 ml of oil, 1.57335 moles of methanol are required. 
                           
 
   
                   ( 
  
      
)          ml 
methanol 
Initial reagent volumes: 
Methanol: 63.6652 mL Methanol 
Sunflower Seed Oil: 250 mL  
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Potassium Hydroxide Catalyst Concentrations 
For all reactions, a 0.05% concentration of catalyst in oil was utilized. 
      
          
                          
 
          
             
 




Mass of calibrated flask with water: 86.1109 g 
Mass of empty calibrate flask: 36.3140 g 
Density of water at 22.9 C: 0.999885 g/mL 
                  
(                                                            )
           
 
                  
                   
             
           
Sunflower Oil Density: 
Mass of oil and calibrated flask: 72.0442 g 
 
        
(                                                            )
                 
 
 
               
                   
        
             
Density of Biodiesel: 
Mass of biodiesel and calibrated flask: 80.21 g 
           
                 
        
             
Density of Metal Sphere: 
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Mass of calibrated flask with water and metal spheres: 140.932 g 
Mass of calibrated flask with metal spheres: 100.583 g 
Mass of Metal spheres: 64.269 g 
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Viscosity Measurements for Liquids 
Sunflower Seed Oil 
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Biodiesel 
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Dilution Calculations 
Reaction Sample Dilutions: Glycerol Assay 
The following sample calculations represent the method used to calculate the required 
volume of extraction solvent to dilute reaction samples to fall within the calibrated dilution curve 
at time t. The following calculation was performed at the following predicted reaction 
concentrations and conditions determined using POLYMATH: 
        
               
                                
   
 
 
                                    
   
 
 
                                      
   
 
  
                                 
   
 
  
                              
 The mass of glycerol is calculated by the following method: 
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The required volume of extraction solvent necessary to dilute the reaction samples to 
     
        
                 
 is determined by the following calculation: 
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Reaction Conversion: Reduction Potential 
                    
                   
                               
 
 This sample calculation has the following specifications: 
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Reaction Conversion: “9:1” Test 
 
This sample calculation has the following specifications: 
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APPENDIX B: Glycerol Assay Data 
 
Table 11. Non-diluted Calibration Curve Data. Absorbance data for biodiesel samples 
additivated with glycerol 














Table 12. Diluted Calibration Curve Data. Absorbance data for biodiesel samples additivated 
with glycerol and diluted with extraction solvent. 
Sample 
# 









1 0 4 4 0 0.1784 
2 0.5 3.5 4 150 0.5619 
3 1 3 4 300 0.9299 
4 1.5 2.5 4 450 1.3707 
5 2 2 4 600 1.6571 
6 2.5 1.5 4 750 1.8796 
7 3 1 4 900 2.0073 
8 3.5 0.5 4 1150 1.9469 








Table 13.  Absorbance Effect Testing of Variable Oil and Methanol Amounts in Biodiesel. 
Sample Oil (mL) Methanol (mL) 
1 0 2 
2 0.2 1.8 
3 0.4 1.6 
4 0.6 1.4 
5 0.8 1.2 
6 1 1 
7 1.2 0.8 
8 1.4 0.6 
9 1.6 0.4 
10 1.8 0.2 
11 2 0 
 
Table 14. Glycerol Assay Reaction Data 25 C. Table denotes the glycerol assay absorbance 













0 0 0 0 0 0 0 
1 0.4136427 1.2008 268.0834972 0.00146775
3 
0.0001 4202.888257 
2 0.6215944 1.1721 260.8426185 0.00295517
7 
0.0001 7969.204493 
3 0.8327649 0.7526 189.2130279 0.00450985
2 
0.0001 8722.44093 
4 1.031667 0.6105 179.4688879 0.00589152
2 
0.0001 10752.91828 
6 4.027817 0.4467 177.3530885 0.01547088
1 
0.0001 27615.43759 
7 5.044273 0.3573 180.31672 0.01657692
5 
0.0001 30071.28453 
8 6.055457 0.35 180.68715 0.01733317
3 
0.0001 31499.50326 
9 7.025647 0.271 185.9363255 0.01785632
9 
0.0001 33387.33886 
10 8.038925 0.5696 178.0260425 0.01984136
3 
0.0001 33226.994 
11 12.04256 0.5322 177.2394647 0.02022226
2 
0.0001 37625.3654 
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12 14.03545 0.59 178.669614 0.02030354
5 
0.0001 38719.3264 
       
 
Table 15. Glycerol Assay Reaction Data 35 C. Table denotes the glycerol assay absorbance 
data for samples taken during transesterification reaction at 35 C. 
 
Table 16. Glycerol Assay Reaction Data 45 C. Table denotes the glycerol assay absorbance 













0 0 0 0 0 0 0 
3 0.8003545 1.5079 364.3258359 0.008950948 0.0001 32974.94157 
4 1.019657 1.4101 329.9519799 0.010793787 0.0001 35944.2671 
5 2.019854 1.7813 478.8823628 0.015478844 0.0001 36225 
6 3.011599 0.9996 223.6362491 0.017393119 0.0001 39120.95628 
8 5.027882 0.7514 189.0999786 0.019387345 0.0001 36850.56605 
9 6.04221 0.8588 201.2930778 0.019387345 0.0001 39226.67742 
10 8.038925 0.8612 201.6134942 0.019841363 0.0001 40204.47905 
12 12.04256 0.9225 210.5079021 0.020222262 0.0001 42779.96698 














0 0 0 0 0 0 0 
1 0.4118526 1.772 474.538729 0.0024 0.0001 11863.46822 
2 0.6179412 1.775 475.9364625 0.0041 0.0001 19989.33143 
3 0.8003545 1.7334 456.8467094 0.005529 0.0001 25715.90127 
4 1.019657 1.599 399.4758039 0.007055 0.0001 28582.49377 
5 2.019854 1.455 345.3008785 0.0116797 0.0001 40675.40758 
6 3.011599 1.211 270.7291007 0.0140842 0.0001 38400.75711 
7 4.006827 1.1327 251.3903492 0.0155224 0.0001 39273.20592 
8 5.027882 1.3492 310.30582 0.0164882 0.0001 38226 
9 6.04221 0.9611 216.8102084 0.01769 0.0001 38570.53608 
10 8.038925 0.8473 199.7868327 0.01804 0.0001 36241.33146 
11 11.05175 1.022 227.855959 0.01875 0.0001 42950.84826 
13 14.03545 0.9774 219.6343577 0.018805224 0.0001 41522.36675 




Appendix C: Reduction Potential Reaction Data 
Table 17. Reduction Potential Data for 26.4 C Transesterification. 
Temperature: 26.4C 
Point Number Time (s) mv (-) Time (min) mv (-)*-1 Conversion 
0 0 0 0 - 0 
1 10 - 0.16666667 - 0.025 
2 20 - 0.33333333 - 0.05 
3 30 - 0.5 - 0.095 
4 40 305.3 0.66666667 - 0.105 
5 50 -369 0.83333333 369 0.1105 
6 60 334.7 1 - 0.125 
7 70 -145.7 1.16666667 145.7 0.17 
8 80 -92.3 1.33333333 92.3 0.26147309 
9 90 -104 1.5 104 0.29461756 
10 100 -118.3 1.66666667 118.3 0.33512748 
11 110 -89.9 1.83333333 89.9 0.25467422 
12 120 -124.9 2 124.9 0.35382436 
13 130 -145.6 2.16666667 145.6 0.41246459 
14 140 -132.8 2.33333333 132.8 0.37620397 
15 150 -148 2.5 148 0.41926346 
16 160 -164.3 2.66666667 164.3 0.46543909 
17 170 -210.6 2.83333333 210.6 0.46 
18 180 -163.6 3 163.6 0.46345609 
19 190 -168.5 3.16666667 168.5 0.47733711 
20 200 -165.1 3.33333333 165.1 0.46770538 
21 210 -173.2 3.5 173.2 0.49065156 
22 220 -183.4 3.66666667 183.4 0.51954674 
23 230 -188.7 3.83333333 188.7 0.53456091 
24 240 -194.7 4 194.7 0.55155807 
25 250 -219.5 4.16666667 219.5 0.62181303 
26 260 -209.5 4.33333333 209.5 0.59348442 
27 270 -225.9 4.5 225.9 0.63994334 
28 280 -216.5 4.66666667 216.5 0.61331445 
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29 290 -217 4.83333333 217 0.61473088 
30 300 -229.3 5 229.3 0.64957507 
31 310 -225 5.16666667 225 0.63739377 
32 320 -231 5.33333333 231 0.65439093 
33 330 -212.5 5.5 212.5 0.601983 
34 340 -255.6 5.66666667 255.6 0.72407932 
35 350 -231.8 5.83333333 231.8 0.65665722 
36 360 -234.6 6 234.6 0.66458924 
37 370 -233.8 6.16666667 233.8 0.66232295 
38 380 -237.6 6.33333333 237.6 0.67308782 
39 390 -221.3 6.5 221.3 0.62691218 
40 400 -241.5 6.66666667 241.5 0.68413598 
41 410 -242.7 6.83333333 242.7 0.68753541 
42 420 -234.8 7 234.8 0.66515581 
43 430 -251.8 7.16666667 251.8 0.71331445 
44 440 -247.3 7.33333333 247.3 0.70056657 
45 450 -243.6 7.5 243.6 0.69008499 
46 460 -247.5 7.66666667 247.5 0.70113314 
47 470 -253 7.83333333 253 0.71671388 
48 480 -253.9 8 253.9 0.71926346 
49 490 -252.2 8.16666667 252.2 0.71444759 
50 500 -258.1 8.33333333 258.1 0.73116147 
51 510 -272.8 8.5 272.8 0.77280453 
52 520 -258.6 8.66666667 258.6 0.7325779 
53 530 -258.6 8.83333333 258.6 0.7325779 
54 540 -208.2 9 208.2 0.75 
55 550 -271.6 9.16666667 271.6 0.7694051 
56 560 -251.7 9.33333333 251.7 0.71303116 
57 570 -266.3 9.5 266.3 0.75439093 
58 580 -254.6 9.66666667 254.6 0.72124646 
59 590 -257 9.83333333 257 0.72804533 
60 600 -253.4 10 253.4 0.71784703 
61 610 -272.6 10.1666667 272.6 0.77223796 
62 620 -260.2 10.3333333 260.2 0.73711048 
63 630 -260 10.5 260 0.73654391 
64 640 -263.4 10.6666667 263.4 0.74617564 
65 650 -270.6 10.8333333 270.6 0.76657224 
66 660 -254.9 11 254.9 0.72209632 
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67 670 -265.8 11.1666667 265.8 0.7529745 
68 680 -268.4 11.3333333 268.4 0.76033994 
69 690 -268.4 11.5 268.4 0.76033994 
70 700 -267.4 11.6666667 267.4 0.75750708 
71 710 -267.5 11.8333333 267.5 0.75779037 
72 720 -272.8 12 272.8 0.77280453 
73 730 -256.3 12.1666667 256.3 0.72606232 
74 740 -275.6 12.3333333 275.6 0.78073654 
75 750 -272.2 12.5 272.2 0.77110482 
76 760 -270.8 12.6666667 270.8 0.76713881 
77 770 -270.2 12.8333333 270.2 0.76543909 
78 780 -282.6 13 282.6 0.80056657 
79 790 -271.6 13.1666667 271.6 0.7694051 
80 800 -274.1 13.3333333 274.1 0.77648725 
81 810 -285.8 13.5 285.8 0.80963173 
82 820 -290.7 13.6666667 290.7 0.82351275 
83 830 -269.2 13.8333333 269.2 0.76260623 
84 840 -272.4 14 272.4 0.77167139 
85 850 -266 14.1666667 266 0.75354108 
86 860 -271.8 14.3333333 271.8 0.76997167 
87 870 -290.3 14.5 290.3 0.8223796 
88 880 -274.8 14.6666667 274.8 0.77847025 
89 890 -276.4 14.8333333 276.4 0.78300283 
90 900 -280.5 15 280.5 0.79461756 
91 910 -277.8 15.1666667 277.8 0.78696884 
92 920 -272 15.3333333 272 0.77053824 
93 930 -268.9 15.5 268.9 0.76175637 
94 940 -285.1 15.6666667 285.1 0.80764873 
95 950 -273.8 15.8333333 273.8 0.77563739 
96 960 -287.2 16 287.2 0.81359773 
97 970 -271.4 16.1666667 271.4 0.76883853 
98 980 -284.1 16.3333333 284.1 0.80481586 
99 990 -278.1 16.5 278.1 0.7878187 
100 1000 -280 16.6666667 280 0.79320113 
101 1010 -281.2 16.8333333 281.2 0.79660057 
102 1020 -275.3 17 275.3 0.77988669 
103 1030 -284.8 17.1666667 284.8 0.80679887 
104 1040 -280.3 17.3333333 280.3 0.79405099 
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105 1050 -285.6 17.5 285.6 0.80906516 
106 1060 -281.2 17.6666667 281.2 0.79660057 
107 1070 -282.1 17.8333333 282.1 0.79915014 
108 1080 -295.9 18 295.9 0.83824363 
109 1090 -282.1 18.1666667 282.1 0.79915014 
110 1100 -288.9 18.3333333 288.9 0.8184136 
111 1110 -288.5 18.5 288.5 0.81728045 
112 1120 -286.2 18.6666667 286.2 0.81076487 
113 1130 -289.9 18.8333333 289.9 0.82124646 
114 1140 -286 19 286 0.8101983 
115 1150 -282.8 19.1666667 282.8 0.80113314 
116 1160 -292.1 19.3333333 292.1 0.82747875 
117 1170 -292.6 19.5 292.6 0.82889518 
118 1180 -291.8 19.6666667 291.8 0.8266289 
119 1190 -289.2 19.8333333 289.2 0.81926346 
120 1200 -292.4 20 292.4 0.82832861 
121 1210 -285.6 20.1666667 285.6 0.80906516 
122 1220 -292.3 20.3333333 292.3 0.82804533 
123 1230 -289.3 20.5 289.3 0.81954674 
124 1240 -284.5 20.6666667 284.5 0.80594901 
125 1250 -282 20.8333333 282 0.79886686 
126 1260 -289 21 289 0.81869688 
127 1270 -292.7 21.1666667 292.7 0.82917847 
128 1280 -279.7 21.3333333 279.7 0.79235127 
129 1290 -291.7 21.5 291.7 0.82634561 
130 1300 -293.3 21.6666667 293.3 0.83087819 
131 1310 -296.2 21.8333333 296.2 0.83909348 
132 1320 -289.9 22 289.9 0.82124646 
133 1330 -288.4 22.1666667 288.4 0.81699717 
134 1340 -298.9 22.3333333 298.9 0.84674221 
135 1350 -286 22.5 286 0.8101983 
136 1360 -292.5 22.6666667 292.5 0.8286119 
137 1370 -291.5 22.8333333 291.5 0.82577904 
138 1380 -259.5 23 259.5 - 
139 1390 -294.8 23.1666667 294.8 0.83512748 
140 1400 -287.2 23.3333333 287.2 0.81359773 
141 1410 -288.9 23.5 288.9 0.8184136 
142 1420 -289.3 23.6666667 289.3 0.81954674 
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143 1430 -284 23.8333333 284 0.80453258 
144 1440 -353.4 24 353.4 - 
145 1450 -284.5 24.1666667 284.5 0.80594901 
146 1460 -305.7 24.3333333 305.7 0.86600567 
147 1470 -293.5 24.5 293.5 0.83144476 
148 1480 -289 24.6666667 289 0.81869688 
149 1490 -303.3 24.8333333 303.3 0.8592068 
150 1500 -298 25 298 0.84419263 
151 1510 -299.2 25.1666667 299.2 0.84759207 
152 1520 -298.9 25.3333333 298.9 0.84674221 
153 1530 -287.8 25.5 287.8 0.81529745 
154 1540 -295.9 25.6666667 295.9 0.83824363 
155 1550 -292.5 25.8333333 292.5 0.8286119 
156 1560 -297.4 26 297.4 0.84249292 
157 1570 -301.3 26.1666667 301.3 0.85354108 
158 1580 -295.6 26.3333333 295.6 0.83739377 
159 1590 -290.5 26.5 290.5 0.82294618 
160 1600 -290.6 26.6666667 290.6 0.82322946 
161 1610 -303.9 26.8333333 303.9 0.86090652 
162 1620 -271.2 27 271.2 - 
163 1630 -308.9 27.1666667 308.9 0.87507082 
164 1640 -297.5 27.3333333 297.5 0.8427762 
165 1650 -288.6 27.5 288.6 0.81756374 
166 1660 -291 27.6666667 291 0.82436261 
167 1670 -301.9 27.8333333 301.9 0.85524079 
168 1680 -303.4 28 303.4 0.85949008 
169 1690 -289.8 28.1666667 289.8 0.82096317 
170 1700 -300.2 28.3333333 300.2 0.85042493 
171 1710 -299.9 28.5 299.9 0.84957507 
172 1720 -304.2 28.6666667 304.2 0.86175637 
173 1730 -298.9 28.8333333 298.9 0.84674221 
174 1740 -292.8 29 292.8 0.82946176 
175 1750 -290.3 29.1666667 290.3 0.8223796 
176 1760 -300.2 29.3333333 300.2 0.85042493 
177 1770 -303.9 29.5 303.9 0.86090652 
178 1780 -298.2 29.6666667 298.2 0.84475921 
179 1790 -298.2 29.8333333 298.2 0.84475921 
180 1800 -301.9 30 301.9 0.85524079 
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Table 18. Reduction Potential Data for 27.5 C Transesterification. 
Temperature: 27.5 Celsius 
Time (min) (mV) (-mV) Conversion 
0  0 0 
0.16666667 -3 3 0.00849858 
0.41666667 -5 5 0.01416431 
0.58333333 -6 6 0.01699717 
0.75 -7 7 0.01983003 
0.91666667 -8 8 0.02266289 
1 -9 9 0.02549575 
1.5 -10 10 0.02832861 
2 -44 44 0.12464589 
2.5 -79 79 0.22379603 
3 -105 105 0.29745042 
3.5 -135 135 0.38243626 
4 -145 145 0.41076487 
4.5 -168.6 168.6 0.4776204 
5 -179.6 179.6 0.50878187 
5.5 -189.6 189.6 0.53711048 
6 -193.2 193.2 0.54730878 
7 -205.3 205.3 0.5815864 
8 -212.5 212.5 0.601983 
9 -226.2 226.2 0.6407932 
10 -237.6 237.6 0.67308782 
11 -226.5 226.5 0.64164306 
12 -242.3 242.3 0.68640227 
13 -242.8 242.8 0.6878187 
14 -245.3 245.3 0.69490085 
15 -260.2 260.2 0.73711048 
16.5 -245.6 245.6 0.69575071 
17 -252.3 252.3 0.71473088 
18 -274.5 274.5 0.7776204 
19 -272.2 272.2 0.77110482 
20 -266.3 266.3 0.75439093 
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Table 19. Reduction Potential Data for 35 C Transesterification. 
Temperature: 35 Celsius 
Time (Min) (mV) (-mV) Conversion 
0 0 0 0 
0.83333333 -6.4 6.4 0.01813031 
1 -100.9 100.9 0.28583569 
3 -200.3 200.3 0.5674221 
4 -232.2 232.2 0.65779037 
5 -245.6 245.6 0.69575071 
6 -258.3 258.3 0.73172805 
7 -255.2 255.2 0.72294618 
8 -268.5 268.5 0.76062323 
10 -281.3 281.3 0.79688385 
11 -284.3 284.3 0.80538244 
13 -291.3 291.3 0.82521246 
17 -300 300 0.84985836 
20 -299.6 299.6 0.84872521 
 
Table 20. Reduction Potential Data for 35 C (Trial 2) Transesterification. 
Temperature:  35C 
Point Number Time (s) mv (-) Time (min) mv (-)*-1 Conversion 
0 0 0 0 0 0 
1 10 75 0.16666667 -75 - 
2 20 17.1 0.33333333 -17.1 - 
3 30 7.5 0.5 -7.5 - 
4 40 -64.1 0.66666667 64.1 0.1815864 
5 50 -56.9 0.83333333 56.9 0.1611898 
6 60 85.3 1  0.2 
7 70 -101.6 1.16666667 101.6 0.2878187 
8 80 -110 1.33333333 110 0.31161473 
9 90 -119 1.5 119 0.33711048 
10 100 -129.4 1.66666667 129.4 0.36657224 
11 110 -148.4 1.83333333 148.4 0.4203966 
12 120 -178.5 2 178.5 0.50566572 
13 130 -189.2 2.16666667 189.2 0.53597734 
14 140 -199.3 2.33333333 199.3 0.56458924 
15 150 -203.4 2.5 203.4 0.57620397 
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16 160 -212.8 2.66666667 212.8 0.60283286 
17 170 -216.5 2.83333333 216.5 0.61331445 
18 180 -220.4 3 220.4 0.62436261 
19 190 -220.5 3.16666667 220.5 0.62464589 
20 200 -227.9 3.33333333 227.9 0.64560907 
21 210 -229.1 3.5 229.1 0.6490085 
22 220 -232.4 3.66666667 232.4 0.65835694 
23 230 -233.3 3.83333333 233.3 0.66090652 
24 240 -236.3 4 236.3 0.6694051 
25 250 -240 4.16666667 240 0.67988669 
26 260 -236.3 4.33333333 236.3 0.6694051 
27 270 -240 4.5 240 0.67988669 
28 280 -247 4.66666667 247 0.69971671 
29 290 -249 4.83333333 249 0.70538244 
30 300 -245.4 5 245.4 0.69518414 
31 310 -247.4 5.16666667 247.4 0.70084986 
32 320 -247.5 5.33333333 247.5 0.70113314 
33 330 -247.4 5.5 247.4 0.70084986 
34 340 -246.7 5.66666667 246.7 0.69886686 
35 350 -252.5 5.83333333 252.5 0.71529745 
36 360 -247.6 6 247.6 0.70141643 
37 370 -256 6.16666667 256 0.72521246 
38 380 -254.7 6.33333333 254.7 0.72152975 
39 390 -259.7 6.5 259.7 0.73569405 
40 400 -259.4 6.66666667 259.4 0.73484419 
41 410 -259 6.83333333 259 0.73371105 
42 420 -253.9 7 253.9 0.71926346 
43 430 -255 7.16666667 255 0.7223796 
44 440 -260.2 7.33333333 260.2 0.73711048 
45 450 -250.8 7.5 250.8 0.71048159 
46 460 -253.3 7.66666667 253.3 0.71756374 
47 470 -264.2 7.83333333 264.2 0.74844193 
48 480 -269.8 8 269.8 0.76430595 
49 490 -261.1 8.16666667 261.1 0.73966006 
50 500 -270.5 8.33333333 270.5 0.76628895 
51 510 -273.1 8.5 273.1 0.77365439 
52 520 -273 8.66666667 273 0.7733711 
53 530 -265.9 8.83333333 265.9 0.75325779 
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54 540 -277.1 9 277.1 0.78498584 
55 550 -269.9 9.16666667 269.9 0.76458924 
56 560 -270.3 9.33333333 270.3 0.76572238 
57 570 -264.5 9.5 264.5 0.74929178 
58 580 -267 9.66666667 267 0.75637394 
59 590 -281.3 9.83333333 281.3 0.79688385 
60 600 -275.8 10 275.8 0.78130312 
61 610 -274.8 10.1666667 274.8 0.77847025 
62 620 -275.4 10.3333333 275.4 0.78016997 
63 630 -273.1 10.5 273.1 0.77365439 
64 640 -268.5 10.6666667 268.5 0.76062323 
65 650 -291.4 10.8333333 291.4 0.82549575 
66 660 -280 11 280 0.79320113 
67 670 -291.7 11.1666667 291.7 0.82634561 
68 680 -271.8 11.3333333 271.8 0.76997167 
69 690 -278.4 11.5 278.4 0.78866856 
70 700 -283.4 11.6666667 283.4 0.80283286 
71 710 -273.1 11.8333333 273.1 0.77365439 
72 720 -278.6 12 278.6 0.78923513 
73 730 -280.5 12.1666667 280.5 0.79461756 
74 740 -279.9 12.3333333 279.9 0.79291785 
75 750 -272.2 12.5 272.2 0.77110482 
76 760 -279.8 12.6666667 279.8 0.79263456 
77 770 -280.2 12.8333333 280.2 0.79376771 
78 780 -286.9 13 286.9 0.81274788 
79 790 -283.4 13.1666667 283.4 0.80283286 
80 800 -283.5 13.3333333 283.5 0.80311615 
81 810 -271.1 13.5 271.1 0.76798867 
82 820 -276.5 13.6666667 276.5 0.78328612 
83 830 -278.6 13.8333333 278.6 0.78923513 
84 840 -286.1 14 286.1 0.81048159 
85 850 -284 14.1666667 284 0.80453258 
86 860 -281.4 14.3333333 281.4 0.79716714 
87 870 -288.3 14.5 288.3 0.81671388 
88 880 -279.1 14.6666667 279.1 0.79065156 
89 890 -290.7 14.8333333 290.7 0.82351275 
90 900 -284 15 284 0.80453258 
91 910 -285.2 15.1666667 285.2 0.80793201 
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92 920 -285.2 15.3333333 285.2 0.80793201 
93 930 -300 15.5 300 0.84985836 
94 940 -284.2 15.6666667 284.2 0.80509915 
95 950 -290.5 15.8333333 290.5 0.82294618 
96 960 -306.1 16 306.1 0.86713881 
97 970 -302.5 16.1666667 302.5 0.85694051 
98 980 -293.2 16.3333333 293.2 0.8305949 
99 990 -292.1 16.5 292.1 0.82747875 
100 1000 -287.3 16.6666667 287.3 0.81388102 
101 1010 -296.1 16.8333333 296.1 0.8388102 
102 1020 -295.5 17 295.5 0.83711048 
103 1030 -302.6 17.1666667 302.6 0.8572238 
104 1040 -292 17.3333333 292 0.82719547 
105 1050 -299.1 17.5 299.1 0.84730878 
106 1060 -283.8 17.6666667 283.8 0.80396601 
107 1070 -334.3 17.8333333 334.3 0.8 
108 1080 -296.1 18 296.1 0.8388102 
109 1090 -238.7 18.1666667 238.7 0.83 
110 1100 -295.5 18.3333333 295.5 0.83711048 
111 1110 -299.1 18.5 299.1 0.84730878 
112 1120 -286.8 18.6666667 286.8 0.81246459 
113 1130 -296.1 18.8333333 296.1 0.8388102 
114 1140 -291.2 19 291.2 0.82492918 
115 1150 -293.2 19.1666667 293.2 0.8305949 
116 1160 -292.6 19.3333333 292.6 0.82889518 
117 1170 -299.2 19.5 299.2 0.84759207 
118 1180 -287.7 19.6666667 287.7 0.81501416 
119 1190 -289.4 19.8333333 289.4 0.81983003 
120 1200 -300.7 20 300.7 0.85184136 
121 1210 -293.6 20.1666667 293.6 0.83172805 
122 1220 -287.6 20.3333333 287.6 0.81473088 
123 1230 -300.6 20.5 300.6 0.85155807 
124 1240 -297.4 20.6666667 297.4 0.84249292 
125 1250 -296.9 20.8333333 296.9 0.84107649 
126 1260 -298.2 21 298.2 0.84475921 
127 1270 -297.4 21.1666667 297.4 0.84249292 
128 1280 -296.8 21.3333333 296.8 0.8407932 
129 1290 -294.2 21.5 294.2 0.83342776 
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130 1300 -314.3 21.6666667 314.3 0.89036827 
131 1310 -295.4 21.8333333 295.4 0.8368272 
132 1320 -282.3 22 282.3 0.84 
133 1330 -300.9 22.1666667 300.9 0.85240793 
134 1340 -299.8 22.3333333 299.8 0.84929178 
135 1350 -303.4 22.5 303.4 0.85949008 
136 1360 -303.6 22.6666667 303.6 0.86005666 
137 1370 -295.2 22.8333333 295.2 0.83626062 
138 1380 -291.4 23 291.4 0.82549575 
139 1390 -298 23.1666667 298 0.84419263 
140 1400 -298.4 23.3333333 298.4 0.84532578 
141 1410 -311.1 23.5 311.1 0.88130312 
142 1420 -296.7 23.6666667 296.7 0.84050992 
143 1430 -309.2 23.8333333 309.2 0.87592068 
144 1440 -304.3 24 304.3 0.86203966 
145 1450 -302.8 24.1666667 302.8 0.85779037 
146 1460 -297.5 24.3333333 297.5 0.8427762 
147 1470 -303.8 24.5 303.8 0.86062323 
148 1480 -300.2 24.6666667 300.2 0.85042493 
149 1490 -291.5 24.8333333 291.5 0.82577904 
150 1500 -298.5 25 298.5 0.84560907 
151 1510 -294.5 25.1666667 294.5 0.83427762 
152 1520 -295.4 25.3333333 295.4 0.8368272 
153 1530 -302.2 25.5 302.2 0.85609065 
154 1540 -283.5 25.6666667 283.5 0.80311615 
155 1550 -303 25.8333333 303 0.85835694 
156 1560 -301.9 26 301.9 0.85524079 
157 1570 -305.9 26.1666667 305.9 0.86657224 
158 1580 -306.7 26.3333333 306.7 0.86883853 
159 1590 -309.5 26.5 309.5 0.87677054 
160 1600 -305.8 26.6666667 305.8 0.86628895 
161 1610 -303.2 26.8333333 303.2 0.85892351 
162 1620 -297.9 27 297.9 0.84390935 
163 1630 -308.8 27.1666667 308.8 0.87478754 
164 1640 -303.9 27.3333333 303.9 0.86090652 
165 1650 -318.7 27.5 318.7 0.90283286 
166 1660 -340.7 27.6666667 340.7 0.86 
167 1670 -292.3 27.8333333 292.3 0.82804533 
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168 1680 -259 28 259 0.85 
169 1690 -309.4 28.1666667 309.4 0.87648725 
170 1700 -310.3 28.3333333 310.3 0.87903683 
171 1710 -307.7 28.5 307.7 0.87167139 
172 1720 -298.1 28.6666667 298.1 0.84447592 
173 1730 -321.7 28.8333333 321.7 0.91133144 
174 1740 -288.2 29 288.2 0.81643059 
175 1750 -298.1 29.1666667 298.1 0.84447592 
176 1760 -309.9 29.3333333 309.9 0.87790368 
177 1770 -310.3 29.5 310.3 0.87903683 
178 1780 -310.9 29.6666667 310.9 0.88073654 
179 1790 -278.5 29.8333333 278.5 0.78895184 
180 1800 -289.5 30 289.5 0.82011331 
 




Temperature: 45 Celsius 
Time (min)  (-mV) Conversion 
0 0 0 
0.41666667 20.6 0.05835694 
0.61666667 50.3 0.14249292 
0.83333333 101.5 0.28753541 
1 155.2 0.43966006 
3 241.2 0.68328612 
4 255.1 0.72266289 
5 262.3 0.74305949 
6 280 0.79320113 
7 285.3 0.8082153 
8 295.2 0.83626062 
10 300.1 0.85014164 
11 307.6 0.8713881 
13 310.2 0.87875354 
17 312.3 0.88470255 
20 319.1 0.90396601 
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Table 22. Reduction Potential Data for 47.2 C Transesterification. 
Temperature: 47.2 C 
Point Number Time (s) mv (-) Time (min) mv (-)*-1 Conversion 
0 0 0 0 0 0 
1 10 -244.1 0.16666667 244.1 0.41 
2 20 -201.5 0.33333333 201.5 0.57082153 
3 30 -194.1 0.5 194.1 0.54985836 
4 40 -236 0.66666667 236 0.66855524 
5 50 -243.9 0.83333333 243.9 0.69093484 
6 60 -251.3 1 251.3 0.71189802 
7 70 -262.9 1.16666667 262.9 0.74475921 
8 80 -268.9 1.33333333 268.9 0.76175637 
9 90 -275.9 1.5 275.9 0.7815864 
10 100 -281.5 1.66666667 281.5 0.79745042 
11 110 -287.4 1.83333333 287.4 0.81416431 
12 120 -289.9 2 289.9 0.82124646 
13 130 -293.7 2.16666667 293.7 0.83201133 
14 140 -297.7 2.33333333 297.7 0.84334278 
15 150 -301.2 2.5 301.2 0.85325779 
16 160 -301.1 2.66666667 301.1 0.8529745 
17 170 -304.6 2.83333333 304.6 0.86288952 
18 180 311.4 3 - - 
19 190 -307.7 3.16666667 307.7 0.87167139 
20 200 -298.6 3.33333333 298.6 0.84589235 
21 210 -312 3.5 312 0.88385269 
22 220 -311 3.66666667 311 0.88101983 
23 230 -316.8 3.83333333 316.8 0.89745042 
24 240 -299.3 4 299.3 - 
25 250 -314 4.16666667 314 0.88951841 
26 260 -316.7 4.33333333 316.7 0.89716714 
27 270 -316.7 4.5 316.7 0.89716714 
28 280 -337 4.66666667 337 0.95467422 
29 290 -317 4.83333333 317 0.898017 
30 300 -334 5 334 0.94617564 
31 310 -320.2 5.16666667 320.2 0.90708215 
32 320 -472.7 5.33333333 472.7 - 
33 330 -331.2 5.5 331.2 0.93824363 
34 340 -296.9 5.66666667 296.9 - 
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35 350 -310 5.83333333 310 0.87818697 
36 360 -313.3 6 313.3 0.88753541 
37 370 -320.6 6.16666667 320.6 0.9082153 
38 380 -330.3 6.33333333 330.3 0.93569405 
39 390 -323 6.5 323 0.91501416 
40 400 -330.6 6.66666667 330.6 0.93654391 
41 410 -319.4 6.83333333 319.4 0.90481586 
42 420 -325.2 7 325.2 0.92124646 
43 430 -322.5 7.16666667 322.5 0.91359773 
44 440 -318.6 7.33333333 318.6 0.90254958 
45 450 -324.7 7.5 324.7 0.91983003 
46 460 -315.6 7.66666667 315.6 0.89405099 
47 470 -331.6 7.83333333 331.6 0.93937677 
48 480 -309.1 8 309.1 0.87563739 
49 490 -292.8 8.16666667 292.8 - 
50 500 -327.1 8.33333333 327.1 0.9266289 
51 510 -327.6 8.5 327.6 0.92804533 
52 520 -327.4 8.66666667 327.4 0.92747875 
53 530 -345.8 8.83333333 345.8  
54 540 -314.2 9 314.2 0.89008499 
55 550 -279.3 9.16666667 279.3 - 
56 560 -348.1 9.33333333 348.1 - 
57 570 -326.6 9.5 326.6 0.92521246 
58 580 -318.7 9.66666667 318.7 0.90283286 
59 590 -329 9.83333333 329 0.93201133 
60 600 -327 10 327 0.92634561 
61 610 -318.9 10.1666667 318.9 0.90339943 
62 620 -324.5 10.3333333 324.5 0.91926346 
63 630 -326.5 10.5 326.5 0.92492918 
64 640 -335.3 10.6666667 335.3 0.94985836 
65 650 -312.1 10.8333333 312.1 - 
66 660 -325.6 11 325.6 0.9223796 
67 670 -328 11.1666667 328 0.92917847 
68 680 -327.2 11.3333333 327.2 0.92691218 
69 690 -327.7 11.5 327.7 0.92832861 
70 700 -336.6 11.6666667 336.6 0.95354108 
71 710 -335 11.8333333 335 0.9490085 
72 720 -328.9 12 328.9 0.93172805 
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73 730 -338 12.1666667 338 0.95750708 
74 740 -333.3 12.3333333 333.3 0.94419263 
75 750 -365.5 12.5 365.5 0.94 
76 760 -335.3 12.6666667 335.3 0.94985836 
77 770 -337.3 12.8333333 337.3 0.95552408 
78 780 -317.3 13 317.3 0.89886686 
79 790 -317.9 13.1666667 317.9 0.90056657 
80 800 -322.6 13.3333333 322.6 0.91388102 
81 810 -320.1 13.5 320.1 0.90679887 
82 820 -325.8 13.6666667 325.8 0.92294618 
83 830 -327.4 13.8333333 327.4 0.92747875 
84 840 -327.1 14 327.1 0.9266289 
85 850 -327.7 14.1666667 327.7 0.92832861 
86 860 -329 14.3333333 329 0.93201133 
87 870 -324.2 14.5 324.2 0.9184136 
88 880 -329.8 14.6666667 329.8 0.93427762 
89 890 -331.1 14.8333333 331.1 0.93796034 
90 900 -328.5 15 328.5 0.9305949 
91 910 -332 15.1666667 332 0.94050992 
92 920 -331.6 15.3333333 331.6 0.93937677 
93 930 -328 15.5 328 0.92917847 
94 940 -268.8 15.6666667 268.8 - 
95 950 -396.6 15.8333333 396.6 - 
96 960 -371.5 16 371.5 - 
97 970 -367.7 16.1666667 367.7 - 
98 980 -350.1 16.3333333 350.1 - 
99 990 -345.2 16.5 345.2 - 
100 1000 -341.8 16.6666667 341.8 0.96827195 
101 1010 -342.6 16.8333333 342.6 - 
102 1020 -340.8 17 340.8 0.96543909 
103 1030 -340.7 17.1666667 340.7 0.96515581 
104 1040 -386.3 17.3333333 386.3 - 
105 1050 -338.2 17.5 338.2 0.95807365 
106 1060 -332.4 17.6666667 332.4 0.94164306 
107 1070 -329.1 17.8333333 329.1 0.93229462 
108 1080 -333.8 18 333.8 0.94560907 
109 1090 -336.6 18.1666667 336.6 0.95354108 
110 1100 -336.1 18.3333333 336.1 0.95212465 
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111 1110 -331.8 18.5 331.8 0.93994334 
112 1120 -333 18.6666667 333 0.94334278 
113 1130 -332.7 18.8333333 332.7 0.94249292 
114 1140 -328 19 328 0.92917847 
115 1150 -334.6 19.1666667 334.6 0.94787535 
116 1160 -335 19.3333333 335 0.9490085 
117 1170 -332.6 19.5 332.6 0.94220963 
118 1180 -333 19.6666667 333 0.94334278 
119 1190 -324.4 19.8333333 324.4 0.91898017 
120 1200 -332.5 20 332.5 0.94192635 
121 1210 -334.2 20.1666667 334.2 0.94674221 
122 1220 -322.4 20.3333333 322.4 0.91331445 
123 1230 -329.9 20.5 329.9 0.93456091 
124 1240 -326.6 20.6666667 326.6 0.92521246 
125 1250 -331.1 20.8333333 331.1 0.93796034 
126 1260 -334.7 21 334.7 0.94815864 
127 1270 -334.7 21.1666667 334.7 0.94815864 
128 1280 -331.5 21.3333333 331.5 0.93909348 
129 1290 -334 21.5 334 0.94617564 
130 1300 -334.1 21.6666667 334.1 0.94645892 
131 1310 -332.4 21.8333333 332.4 0.94164306 
132 1320 -333.5 22 333.5 0.94475921 
133 1330 -335.7 22.1666667 335.7 0.9509915 
134 1340 -333.1 22.3333333 333.1 0.94362606 
135 1350 -331.8 22.5 331.8 0.93994334 
136 1360 333.5 22.6666667 - - 
137 1370 -330.3 22.8333333 330.3 0.93569405 
138 1380 332.5 23 - - 
139 1390 -332.6 23.1666667 332.6 0.94220963 
140 1400 -329.4 23.3333333 329.4 0.93314448 
141 1410 -330.5 23.5 330.5 0.93626062 
142 1420 -329.7 23.6666667 329.7 0.93399433 
143 1430 -332 23.8333333 332 0.94050992 
144 1440 -331.4 24 331.4 0.9388102 
145 1450 -331 24.1666667 331 0.93767705 
146 1460 -332 24.3333333 332 0.94050992 
147 1470 -331.8 24.5 331.8 0.93994334 
148 1480 -332.7 24.6666667 332.7 0.94249292 
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149 1490 -353.1 24.8333333 353.1 - 
150 1500 -281.2 25 281.2 - 
151 1510 -323.2 25.1666667 323.2 0.91558074 
152 1520 -275 25.3333333 275 - 
153 1530 -358.9 25.5 358.9 - 
154 1540 -325.5 25.6666667 325.5 0.92209632 
155 1550 -329.7 25.8333333 329.7 0.93399433 
156 1560 -329.3 26 329.3 0.93286119 
157 1570 -329.8 26.1666667 329.8 0.93427762 
158 1580 -326.7 26.3333333 326.7 0.92549575 
159 1590 -331.3 26.5 331.3 0.93852691 
160 1600 -329.6 26.6666667 329.6 0.93371105 
161 1610 -329.4 26.8333333 329.4 0.93314448 
162 1620 -329.2 27 329.2 0.9325779 
163 1630 -329.9 27.1666667 329.9 0.93456091 
164 1640 -330.6 27.3333333 330.6 0.93654391 
165 1650 -329.9 27.5 329.9 0.93456091 
166 1660 -330.7 27.6666667 330.7 0.9368272 
167 1670 -329.6 27.8333333 329.6 0.93371105 
168 1680 -331 28 331 0.93767705 
169 1690 -327.7 28.1666667 327.7 0.92832861 
170 1700 -328.8 28.3333333 328.8 0.93144476 
171 1710 -328.5 28.5 328.5 0.9305949 
172 1720 -332 28.6666667 332 0.94050992 
173 1730 -329.2 28.8333333 329.2 0.9325779 
174 1740 -329.4 29 329.4 0.93314448 
175 1750 -328.4 29.1666667 328.4 0.93031161 
176 1760 -326 29.3333333 326 0.92351275 
177 1770 -331.5 29.5 331.5 0.93909348 
178 1780 -329.9 29.6666667 329.9 0.93456091 
179 1790 -329.9 29.8333333 329.9 0.93456091 
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Table 23. Reduction Potential Data for 50.3 C Transesterification. 
Temperature: 50.3 C 
Point Number Time (s) mv (-) Time (min) mv (-)*-1 Conversion 
0 0 0 0 0 0 
1 10 -50 0.16666667 50 0.14164306 
2 20 -72.7 0.33333333 72.7 0.20594901 
3 30 -125.8 0.5 125.8 0.35637394 
4 40 -140.8 0.66666667 140.8 0.39886686 
5 50 -171.6 0.83333333 171.6 0.48611898 
6 60 -194.1 1 194.1 0.54985836 
7 70 -216.8 1.16666667 216.8 0.61416431 
8 80 -223.5 1.33333333 223.5 0.63314448 
9 90 -232 1.5 232 0.6572238 
10 100 -216.8 1.66666667 216.8 0.61416431 
11 110 -191.7 1.83333333 191.7 0.625 
12 120 -238.2 2 238.2 0.67478754 
13 130 -247.7 2.16666667 247.7 0.70169972 
14 140 -249.3 2.33333333 249.3 0.70623229 
15 150 -255.5 2.5 255.5 0.72379603 
16 160 -276.4 2.66666667 276.4 0.73 
17 170 -255.8 2.83333333 255.8 0.72464589 
18 180 -258.8 3 258.8 0.73314448 
19 190 -267.4 3.16666667 267.4 0.75750708 
20 200 -263.4 3.33333333 263.4 0.74617564 
21 210 -265.8 3.5 265.8 0.7529745 
22 220 -268.8 3.66666667 268.8 0.76147309 
23 230 -272.8 3.83333333 272.8 0.77280453 
24 240 -273.6 4 273.6 0.77507082 
25 250 -262.9 4.16666667 262.9 0.74475921 
26 260 -256 4.33333333 256 0.72521246 
27 270 -261.6 4.5 261.6 0.74107649 
28 280 -307.7 4.66666667 307.7 0.75 
29 290 -283.2 4.83333333 283.2 0.80226629 
30 300 -276.3 5 276.3 0.78271955 
31 310 -280.2 5.16666667 280.2 0.79376771 
32 320 -287.6 5.33333333 287.6 0.81473088 
33 330 -270.1 5.5 270.1 0.76515581 
34 340 -280.1 5.66666667 280.1 0.79348442 
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35 350 -279.4 5.83333333 279.4 0.79150142 
36 360 -284.7 6 284.7 0.80651558 
37 370 -287.5 6.16666667 287.5 0.81444759 
38 380 -305.9 6.33333333 305.9 0.86657224 
39 390 -301.4 6.5 301.4 0.85382436 
40 400 -299.6 6.66666667 299.6 0.84872521 
41 410 -290.2 6.83333333 290.2 0.82209632 
42 420 -291.5 7 291.5 0.82577904 
43 430 -318.8 7.16666667 318.8 0.83 
44 440 -298.4 7.33333333 298.4 0.84532578 
45 450 -298.8 7.5 298.8 0.84645892 
46 460 -296.4 7.66666667 296.4 0.83966006 
47 470 -299.7 7.83333333 299.7 0.8490085 
48 480 -299.8 8 299.8 0.84929178 
49 490 -301.6 8.16666667 301.6 0.85439093 
50 500 -299.3 8.33333333 299.3 0.84787535 
51 510 -303.8 8.5 303.8 0.86062323 
52 520 -299.7 8.66666667 299.7 0.8490085 
53 530 -311 8.83333333 311 0.88101983 
54 540 -303.6 9 303.6 0.86005666 
55 550 -304 9.16666667 304 0.8611898 
56 560 -298.4 9.33333333 298.4 0.84532578 
57 570 -300.1 9.5 300.1 0.85014164 
58 580 -304.9 9.66666667 304.9 0.86373938 
59 590 -301.4 9.83333333 301.4 0.85382436 
60 600 -297.9 10 297.9 0.84390935 
61 610 -302.5 10.1666667 302.5 0.85694051 
62 620 -302.8 10.3333333 302.8 0.85779037 
63 630 -297.8 10.5 297.8 0.84362606 
64 640 -307.2 10.6666667 307.2 0.87025496 
65 650 -414.2 10.8333333 414.2 - 
66 660 -299.6 11 299.6 0.84872521 
67 670 -304.1 11.1666667 304.1 0.86147309 
68 680 -242 11.3333333 242  
69 690 -308.6 11.5 308.6 0.87422096 
70 700 -322 11.6666667 322 0.9121813 
71 710 -309.5 11.8333333 309.5 0.87677054 
72 720 -206.6 12 206.6 - 
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73 730 -296.6 12.1666667 296.6 0.84022663 
74 740 -307.9 12.3333333 307.9 0.87223796 
75 750 -312.5 12.5 312.5 0.88526912 
76 760 -307.3 12.6666667 307.3 0.87053824 
77 770 -314.6 12.8333333 314.6 0.89121813 
78 780 -310.6 13 310.6 0.87988669 
79 790 -308.3 13.1666667 308.3 0.8733711 
80 800 -312.6 13.3333333 312.6 0.88555241 
81 810 -309.5 13.5 309.5 0.87677054 
82 820 -312 13.6666667 312 0.88385269 
83 830 -317.9 13.8333333 317.9 0.90056657 
84 840 -311.9 14 311.9 0.88356941 
85 850 -318 14.1666667 318 0.90084986 
86 860 -311.3 14.3333333 311.3 0.88186969 
87 870 -307 14.5 307 0.86968839 
88 880 -309.4 14.6666667 309.4 0.87648725 
89 890 -312.7 14.8333333 312.7 0.88583569 
90 900 -308.8 15 308.8 0.87478754 
91 910 -308.1 15.1666667 308.1 0.87280453 
92 920 -316.2 15.3333333 316.2 0.89575071 
93 930 -312.2 15.5 312.2 0.88441926 
94 940 -315.1 15.6666667 315.1 0.89263456 
95 950 -314.6 15.8333333 314.6 0.89121813 
96 960 -315.3 16 315.3 0.89320113 
97 970 -309.6 16.1666667 309.6 0.87705382 
98 980 -313.8 16.3333333 313.8 0.88895184 
99 990 -313.6 16.5 313.6 0.88838527 
100 1000 -311.8 16.6666667 311.8 0.88328612 
101 1010 -311.1 16.8333333 311.1 0.88130312 
102 1020 -316.2 17 316.2 0.89575071 
103 1030 -311.3 17.1666667 311.3 0.88186969 
104 1040 -332.3 17.3333333 332.3 0.94135977 
105 1050 -313.3 17.5 313.3 0.88753541 
106 1060 -312.6 17.6666667 312.6 0.88555241 
107 1070 -309.5 17.8333333 309.5 0.87677054 
108 1080 -318 18 318 0.90084986 
109 1090 -306.8 18.1666667 306.8 0.86912181 
110 1100 -315.2 18.3333333 315.2 0.89291785 
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111 1110 -311.7 18.5 311.7 0.88300283 
112 1120 -315.2 18.6666667 315.2 0.89291785 
113 1130 -321.9 18.8333333 321.9 0.91189802 
114 1140 -310.7 19 310.7 0.88016997 
115 1150 -317 19.1666667 317 0.898017 
116 1160 -297.2 19.3333333 297.2 0.84192635 
117 1170 -312.7 19.5 312.7 0.88583569 
118 1180 -310.6 19.6666667 310.6 0.87988669 
119 1190 -312.6 19.8333333 312.6 0.88555241 
120 1200 -314.1 20 314.1 0.8898017 
121 1210 -312.1 20.1666667 312.1 0.88413598 
122 1220 -314.6 20.3333333 314.6 0.89121813 
123 1230 -267.4 20.5 267.4 - 
124 1240 -313.7 20.6666667 313.7 0.88866856 
125 1250 -313.3 20.8333333 313.3 0.88753541 
126 1260 -308.3 21 308.3 0.8733711 
127 1270 -313.8 21.1666667 313.8 0.88895184 
128 1280 -312.7 21.3333333 312.7 0.88583569 
129 1290 -312.1 21.5 312.1 0.88413598 
130 1300 -316.2 21.6666667 316.2 0.89575071 
131 1310 -314.6 21.8333333 314.6 0.89121813 
132 1320 -313.3 22 313.3 0.88753541 
133 1330 -309.3 22.1666667 309.3 0.87620397 
134 1340 -321.1 22.3333333 321.1 0.90963173 
135 1350 -315.1 22.5 315.1 0.89263456 
136 1360 -306.6 22.6666667 306.6 0.86855524 
137 1370 -307.6 22.8333333 307.6 0.8713881 
138 1380 -306.9 23 306.9 0.8694051 
139 1390 -317.1 23.1666667 317.1 0.89830028 
140 1400 -308.7 23.3333333 308.7 0.87450425 
141 1410 -312.8 23.5 312.8 0.88611898 
142 1420 -314 23.6666667 314 0.88951841 
143 1430 -319.4 23.8333333 319.4 0.90481586 
144 1440 -312.1 24 312.1 0.88413598 
145 1450 -311.1 24.1666667 311.1 0.88130312 
146 1460 -320.2 24.3333333 320.2 0.90708215 
147 1470 -309.3 24.5 309.3 0.87620397 
148 1480 -312.7 24.6666667 312.7 0.88583569 
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149 1490 -362.2 24.8333333 362.2 - 
150 1500 -325.4 25 325.4 0.92181303 
151 1510 -320.5 25.1666667 320.5 0.90793201 
152 1520 -315.3 25.3333333 315.3 0.89320113 
153 1530 -324 25.5 324 0.91784703 
154 1540 -320.5 25.6666667 320.5 0.90793201 
155 1550 -304.1 25.8333333 304.1 0.86147309 
156 1560 -314 26 314 0.88951841 
157 1570 -314.6 26.1666667 314.6 0.89121813 
158 1580 -322.2 26.3333333 322.2 0.91274788 
159 1590 -319.3 26.5 319.3 0.90453258 
160 1600 -314.4 26.6666667 314.4 0.89065156 
161 1610 -314.4 26.8333333 314.4 0.89065156 
162 1620 -314.3 27 314.3 0.89036827 
163 1630 -316.7 27.1666667 316.7 0.89716714 
164 1640 -314.4 27.3333333 314.4 0.89065156 
165 1650 -314.3 27.5 314.3 0.89036827 
166 1660 -301 27.6666667 301 0.85269122 
167 1670 -319.2 27.8333333 319.2 0.90424929 
168 1680 -305.6 28 305.6 0.86572238 
169 1690 -315.5 28.1666667 315.5 0.89376771 
170 1700 -316.4 28.3333333 316.4 0.89631728 
171 1710 -315.2 28.5 315.2 0.89291785 
172 1720 -313.7 28.6666667 313.7 0.88866856 
173 1730 -316.6 28.8333333 316.6 0.89688385 
174 1740 -336.2 29 336.2 0.95240793 
175 1750 -318.3 29.1666667 318.3 0.90169972 
176 1760 -315 29.3333333 315 0.89235127 
177 1770 -314.6 29.5 314.6 0.89121813 
178 1780 -320.6 29.6666667 320.6 0.9082153 
179 1790 -304.4 29.8333333 304.4 0.86232295 
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Table 24. Reduction Potential Data for 57 C Transesterification. 
Temperature: 57 Celsius 
Time (min) (mV) (-mV) Conversion 
0 0 0 0 
0.16666667 -82.5 82.5 0.23371105 
0.41666667 -98.2 98.2 0.27818697 
0.58333333 -150.2 150.2 0.42549575 
0.75 -189.5 189.5 0.5368272 
0.91666667 -210.5 210.5 0.59631728 
1 -220.5 220.5 0.62464589 
1.5 -251.2 251.2 0.71161473 
2 -267.8 267.8 0.75864023 
2.5 -271.3 271.3 0.76855524 
3 -281.3 281.3 0.79688385 
3.5 -287.5 287.5 0.81444759 
4 -293.6 293.6 0.83172805 
4.5 -293.7 293.7 0.83201133 
5 -301.1 301.1 0.8529745 
5.5 -304.5 304.5 0.86260623 
6 -304.9 304.9 0.86373938 
7 -305.6 305.6 0.86572238 
8 -306.5 306.5 0.86827195 
9 -309.5 309.5 0.87677054 
10 -311.9 311.9 0.88356941 
11 -320.5 320.5 0.90793201 
12 -321.6 321.6 0.91104816 
13 -325.6 325.6 0.9223796 
14 -327.5 327.5 0.92776204 
15 -320.3 320.3 0.89220056 
16 -323.2 323.2 0.89777778 
17 -321.7 321.7 0.89361111 
18 -328.5 328.5 0.9125 
19 -335.2 335.2 0.9133515 
20 -331.2 331.2 0.91239669 
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Table 25. Reduction Potential Data for 65 C Transesterification. 
Temperature: 65 Celsius 
Time (Min) (mV)  (-mV) Conversion 
0 0 0 0 
0.16666667 -102 120 0.33994334 
0.41666667 -127.9 145.9 0.41331445 
0.58333333 -176.5 194.5 0.5509915 
0.75 -197.9 215.9 0.61161473 
0.91666667 -212.9 230.9 0.65410765 
1 -225.7 243.7 0.69036827 
1.5 -238.2 256.2 0.72577904 
2 -261.5 279.5 0.7917847 
2.5 -276.5 294.5 0.83427762 
3 -281.2 299.2 0.84759207 
3.5 -292.2 310.2 0.87875354 
4 -289.6 307.6 0.8713881 
4.5 -294.5 312.5 0.88526912 
5 -295.2 313.2 0.88725212 
5.5 -300.7 318.7 0.90283286 
6 -296.3 314.3 0.89036827 
7 -303.6 321.6 0.91104816 
8 -306.5 324.5 0.91926346 
9 -305.4 323.4 0.91614731 
10 -304.7 322.7 0.91416431 
11 -302.5 320.5 0.90793201 
12 -303.6 321.6 0.91104816 
13 -304.3 322.3 0.91303116 
14 -305.5 323.5 0.91643059 
15 -307.5 325.5 0.92209632 
16 -303.3 321.3 0.9101983 
17 -307.9 325.9 0.92322946 
18 -301.2 319.2 0.90424929 
19 -308.9 326.9 0.92606232 
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APPENDIX C: POLYMATH Reaction Modeling Data 
Table 26. POLYMATH Reaction Modeling Kinetic Data 25 C 
Temperature: 25 C 
Time (min) Glycerol Concentration (mol/L) Conversion 
0 0 0 
0.706577 0.019704 0.021418 
1.031667 0.04875 0.052989 
1.374772 0.077005 0.083701 
1.70774 0.127667 0.138769 
2.04876 0.176497 0.191844 
2.407142 0.213004 0.231527 
2.738458 0.252044 0.273961 
3.088539 0.292259 0.317672 
3.404928 0.327217 0.355671 
3.794602 0.359132 0.39036 
4.087366 0.388802 0.422611 
4.455499 0.416626 0.452854 
4.776996 0.442862 0.481372 
5.112535 0.455192 0.494774 
5.462765 0.478286 0.519876 
5.828384 0.499558 0.542998 
6.13247 0.509588 0.5539 
6.527768 0.528557 0.574519 
6.856739 0.546204 0.5937 
7.197598 0.554574 0.602798 
7.550929 0.570477 0.620083 
7.8245 0.578035 0.628299 
8.201261 0.592423 0.643938 
8.592457 0.599272 0.651382 
8.895847 0.605904 0.658591 
9.208247 0.618549 0.672336 
9.530098 0.624579 0.67889 
9.861881 0.630423 0.685242 
10.20412 0.64158 0.697369 
10.55739 0.646905 0.703158 
10.92233 0.652037 0.708736 
11.29964 0.661661 0.719197 
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11.69008 0.666178 0.724106 
11.9581 0.670511 0.728816 
12.3724 0.674671 0.733338 
12.65724 0.682509 0.741857 
12.94939 0.686202 0.745871 
13.40213 0.689755 0.749733 
13.71425 0.693174 0.75345 
14.03513 0.699637 0.760475 
14.36531 0.702692 0.763796 
14.70537 0.705637 0.766997 
15.05594 0.708476 0.770083 
15.41779 0.713856 0.77593 
15.79174 0.716405 0.778701 
15.98355 0.718866 0.781376 
16.37756 0.721242 0.783959 
16.78644 0.725753 0.788862 
17.21172 0.727895 0.79119 
17.43107 0.729964 0.793439 
17.88452 0.731965 0.795614 
18.11929 0.735769 0.799749 
18.60689 0.737577 0.801714 
18.86072 0.739327 0.803616 
19.12203 0.741019 0.805456 
19.39159 0.744242 0.808958 
19.93559 0.745775 0.810625 
20.20759 0.74726 0.812239 
20.47959 0.748698 0.813802 
20.75159 0.751438 0.81678 
21.29559 0.752743 0.818199 
21.56759 0.754007 0.819573 
21.83959 0.755232 0.820905 
22.11159 0.757569 0.823444 
22.65559 0.758683 0.824655 
22.92759 0.759763 0.825829 
23.19959 0.760809 0.826966 
23.47159 0.762807 0.829138 
24.01559 0.76376 0.830174 
24.28759 0.764684 0.831178 
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24.55959 0.76558 0.832152 
24.83159 0.767291 0.834012 
25.37559 0.768108 0.8349 
25.64759 0.7689 0.835761 
25.91959 0.769669 0.836597 
26.19159 0.771137 0.838193 
26.73559 0.771839 0.838955 
27.00759 0.772519 0.839695 
27.27959 0.77318 0.840413 
27.55159 0.774442 0.841784 
28.09559 0.775045 0.84244 
28.36759 0.77563 0.843076 
28.63959 0.776198 0.843693 
28.91159 0.777284 0.844874 
29.45559 0.777803 0.845438 
29.72759 0.778307 0.845986 
29.99959 0.778796 0.846517 
30.27159 0.779731 0.847534 
30.81559 0.780179 0.84802 
31.08759 0.780613 0.848492 
31.35959 0.781034 0.84895 
31.63159 0.781841 0.849827 
32.17559 0.782227 0.850246 
32.44759 0.782601 0.850653 
32.71959 0.782965 0.851049 
32.99159 0.783661 0.851805 
33.53559 0.783993 0.852167 
33.80759 0.784317 0.852518 
34 0.784568 0.901802 
 
Table 27. POLYMATH Reaction Modeling Kinetic Data 35 C 
Temperature: 35 C 
Time (min) Glycerol Concentration (mol/L) Conversion 
0 0 0 
0.706577 0.155905 0.162401 
1.031667 0.257048 0.267759 
1.374772 0.345786 0.360194 
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1.70774 0.416894 0.434265 
2.04876 0.476358 0.496207 
2.407142 0.527064 0.549024 
2.738458 0.565525 0.589089 
3.088539 0.599345 0.624318 
3.404928 0.629206 0.655422 
3.794602 0.65208 0.67925 
4.087366 0.669454 0.697348 
4.455499 0.688494 0.717182 
4.776996 0.703 0.732291 
5.112535 0.716381 0.74623 
5.462765 0.728729 0.759093 
5.828384 0.740124 0.770963 
6.13247 0.748603 0.779795 
6.527768 0.758458 0.79006 
6.856739 0.765783 0.797691 
7.197598 0.772642 0.804835 
7.550929 0.779058 0.811519 
7.8245 0.785056 0.817766 
8.201261 0.789292 0.822179 
8.592457 0.794608 0.827717 
8.895847 0.798356 0.831621 
9.208247 0.801908 0.835321 
9.530098 0.806352 0.83995 
9.861881 0.809474 0.843202 
10.20412 0.812423 0.846274 
10.55739 0.815206 0.849173 
10.92233 0.816971 0.851012 
11.29964 0.81949 0.853635 
11.69008 0.821858 0.856102 
11.9581 0.823356 0.857662 
12.3724 0.825485 0.85988 
12.65724 0.826829 0.86128 
12.94939 0.828734 0.863265 
13.40213 0.829933 0.864514 
13.71425 0.831078 0.865706 
14.03513 0.832168 0.866842 
14.36531 0.833207 0.867923 
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14.70537 0.834194 0.868952 
15.05594 0.835133 0.86993 
15.41779 0.836023 0.870858 
15.79174 0.836868 0.871737 
15.98355 0.837667 0.87257 
16.37756 0.838423 0.873358 
16.78644 0.839137 0.874101 
17.21172 0.839479 0.874458 
17.43107 0.840133 0.875139 
17.88452 0.840446 0.875465 
18.11929 0.841044 0.876087 
18.60689 0.841329 0.876385 
18.86072 0.841875 0.876953 
19.12203 0.842135 0.877224 
19.39159 0.842388 0.877487 
19.93559 0.842859 0.877978 
20.20759 0.843074 0.878202 
20.47959 0.843276 0.878412 
20.75159 0.843465 0.878609 
21.29559 0.84381 0.878969 
21.56759 0.843967 0.879132 
21.83959 0.844114 0.879286 
22.11159 0.844253 0.87943 
22.65559 0.844505 0.879693 
22.92759 0.84462 0.879813 
23.19959 0.844728 0.879925 
23.47159 0.84483 0.880031 
24.01559 0.845015 0.880223 
24.28759 0.845099 0.880311 
24.55959 0.845178 0.880394 
24.83159 0.845252 0.880471 
25.37559 0.845388 0.880612 
25.64759 0.845449 0.880676 
25.91959 0.845507 0.880737 
26.19159 0.845562 0.880794 
26.73559 0.845661 0.880897 
27.00759 0.845706 0.880944 
27.27959 0.845749 0.880988 
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27.55159 0.845789 0.88103 
28.09559 0.845862 0.881106 
28.36759 0.845895 0.88114 
28.63959 0.845926 0.881173 
28.91159 0.845955 0.881203 
29.45559 0.846009 0.881259 
29.72759 0.846033 0.881284 
29.99959 0.846056 0.881308 
30.27159 0.846077 0.881331 
30.81559 0.846117 0.881371 
31.08759 0.846134 0.88139 
31.35959 0.846151 0.881408 
31.63159 0.846167 0.881424 
32.17559 0.846196 0.881454 
32.44759 0.846209 0.881468 
32.71959 0.846221 0.88148 
32.99159 0.846233 0.881492 
33.53559 0.846254 0.881514 
33.80759 0.846263 0.881524 
34 0.846268 0.881529 
 
 
Table 28. POLYMATH Reaction Modeling Kinetic Data 45 C 
Temperature: 45 C 
Time (min) Glycerol Concentration (mol/L) Conversion 
0 0 0 
0.706577 0.249244 0.259629 
1.031667 0.377483 0.393211 
1.374772 0.462466 0.481735 
1.70774 0.53179 0.553948 
2.04876 0.585132 0.609513 
2.407142 0.626866 0.652985 
2.738458 0.659975 0.687474 
3.088539 0.688988 0.717696 
3.404928 0.712339 0.74202 
3.794602 0.731215 0.761682 
4.087366 0.748299 0.779478 
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4.455499 0.763783 0.795607 
4.776996 0.776334 0.808682 
5.112535 0.78785 0.820677 
5.462765 0.798417 0.831685 
5.828384 0.806947 0.84057 
6.13247 0.814858 0.84881 
6.527768 0.822191 0.856448 
6.856739 0.828046 0.862548 
7.197598 0.834407 0.869174 
7.550929 0.839479 0.874457 
7.8245 0.844221 0.879397 
8.201261 0.848651 0.884011 
8.592457 0.852115 0.88762 
8.895847 0.855383 0.891024 
9.208247 0.859058 0.894852 
9.530098 0.861923 0.897836 
9.861881 0.864618 0.900644 
10.20412 0.866656 0.902767 
10.55739 0.869062 0.905273 
10.92233 0.870879 0.907165 
11.29964 0.873019 0.909395 
11.69008 0.874631 0.911074 
11.9581 0.876157 0.912663 
12.3724 0.8776 0.914167 
12.65724 0.878964 0.915588 
12.94939 0.879937 0.916601 
13.40213 0.881169 0.917884 
13.71425 0.882046 0.918798 
14.03513 0.883156 0.919954 
14.36531 0.883946 0.920777 
14.70537 0.884699 0.921562 
15.05594 0.885419 0.922311 
15.41779 0.886106 0.923027 
15.79174 0.886762 0.92371 
15.98355 0.887183 0.924149 
16.37756 0.887792 0.924783 
16.78644 0.888184 0.925191 
17.21172 0.888752 0.925784 
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17.43107 0.88912 0.926167 
17.88452 0.88948 0.926541 
18.11929 0.889829 0.926906 
18.60689 0.890083 0.92717 
18.86072 0.890373 0.927472 
19.12203 0.890643 0.927754 
19.39159 0.890841 0.927959 
19.93559 0.89109 0.928219 
20.20759 0.891287 0.928423 
20.47959 0.891488 0.928633 
20.75159 0.891662 0.928814 
21.29559 0.891853 0.929013 
21.56759 0.891961 0.929126 
21.83959 0.89214 0.929312 
22.11159 0.892257 0.929434 
22.65559 0.892389 0.929572 
22.92759 0.892491 0.929678 
23.19959 0.892592 0.929783 
23.47159 0.892658 0.929852 
24.01559 0.89275 0.929948 
24.28759 0.892838 0.930039 
24.55959 0.892917 0.930122 
24.83159 0.892977 0.930184 
25.37559 0.893041 0.930251 
25.64759 0.893093 0.930305 
25.91959 0.893132 0.930346 
26.19159 0.893191 0.930407 
26.73559 0.893228 0.930445 
27.00759 0.893274 0.930494 
27.27959 0.893308 0.930529 
27.55159 0.893346 0.930569 
28.09559 0.893388 0.930612 
28.36759 0.893408 0.930634 
28.63959 0.893443 0.93067 
28.91159 0.893462 0.930689 
29.45559 0.893491 0.930719 
29.72759 0.893508 0.930737 
29.99959 0.893531 0.930761 
  99 
 
30.27159 0.893546 0.930777 
30.81559 0.893565 0.930797 
31.08759 0.893579 0.930811 
31.35959 0.893595 0.930828 
31.63159 0.893606 0.930839 
32.17559 0.89362 0.930854 
32.44759 0.893634 0.930869 
32.71959 0.893642 0.930877 
32.99159 0.893653 0.930889 
33.53559 0.893661 0.930896 
33.80759 0.89367 0.930906 
34 0.893676 0.930912 
 
Table 29. POLYMATH Reaction Modeling Kinetic Data 65 C 
Temperature: 65 C 
Time (min) Glycerol Concentration (mol/L) Conversion 
0 0 0 
0.706577 0.34315 0.36121 
1.031667 0.436985 0.459984 
1.374772 0.503808 0.530324 
1.70774 0.554199 0.583368 
2.04876 0.594054 0.62532 
2.407142 0.626932 0.659929 
2.738458 0.654421 0.688864 
3.088539 0.677649 0.713315 
3.404928 0.697441 0.734148 
3.794602 0.714936 0.752565 
4.087366 0.730487 0.768934 
4.455499 0.743927 0.783081 
4.776996 0.756409 0.79622 
5.112535 0.767635 0.808037 
5.462765 0.777377 0.818292 
5.828384 0.786858 0.828272 
6.13247 0.79511 0.836957 
6.527768 0.802593 0.844834 
6.856739 0.80968 0.852295 
7.197598 0.816401 0.85937 
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7.550929 0.822264 0.865541 
7.8245 0.827862 0.871433 
8.201261 0.833212 0.877065 
8.592457 0.838104 0.882215 
8.895847 0.842581 0.886927 
9.208247 0.846844 0.891415 
9.530098 0.850745 0.895521 
9.861881 0.854477 0.899449 
10.20412 0.858055 0.903216 
10.55739 0.861318 0.906651 
10.92233 0.864469 0.909967 
11.29964 0.867335 0.912984 
11.69008 0.870127 0.915923 
11.9581 0.872704 0.918635 
12.3724 0.875169 0.921231 
12.65724 0.877569 0.923757 
12.94939 0.87967 0.925968 
13.40213 0.881747 0.928154 
13.71425 0.8838 0.930316 
14.03513 0.885645 0.932258 
14.36531 0.887407 0.934112 
14.70537 0.889073 0.935866 
15.05594 0.890662 0.937539 
15.41779 0.892169 0.939125 
15.79174 0.893606 0.940638 
15.98355 0.895041 0.942149 
16.37756 0.896336 0.943512 
16.78644 0.897571 0.944812 
17.21172 0.898745 0.946047 
17.43107 0.899865 0.947227 
17.88452 0.900931 0.948348 
18.11929 0.901948 0.949419 
18.60689 0.902916 0.950438 
18.86072 0.903841 0.951411 
19.12203 0.904721 0.952338 
19.39159 0.905605 0.953269 
19.93559 0.906406 0.954111 
20.20759 0.907169 0.954915 
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20.47959 0.907898 0.955682 
20.75159 0.908594 0.956415 
21.29559 0.909259 0.957115 
21.56759 0.909894 0.957783 
21.83959 0.910501 0.958422 
22.11159 0.91108 0.959032 
22.65559 0.911663 0.959645 
22.92759 0.912191 0.960201 
23.19959 0.912696 0.960732 
23.47159 0.913179 0.961241 
24.01559 0.91364 0.961726 
24.28759 0.914082 0.962191 
24.55959 0.914504 0.962635 
24.83159 0.914908 0.963061 
25.37559 0.915314 0.963488 
25.64759 0.915683 0.963877 
25.91959 0.916036 0.964248 
26.19159 0.916373 0.964603 
26.73559 0.916697 0.964944 
27.00759 0.917006 0.965269 
27.27959 0.917302 0.965581 
27.55159 0.9176 0.965895 
28.09559 0.917871 0.96618 
28.36759 0.91813 0.966453 
28.63959 0.918379 0.966714 
28.91159 0.918616 0.966964 
29.45559 0.918844 0.967204 
29.72759 0.919073 0.967445 
29.99959 0.919282 0.967665 
30.27159 0.919481 0.967875 
30.81559 0.919672 0.968076 
31.08759 0.919855 0.968269 
31.35959 0.920031 0.968454 
31.63159 0.920199 0.96863 
32.17559 0.920368 0.968809 
32.44759 0.920522 0.968971 
32.71959 0.92067 0.969126 
32.99159 0.920811 0.969275 
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33.53559 0.920946 0.969417 
33.80759 0.921076 0.969554 
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APPENDIX D: Glycerol Concentration as a Function of 
Reduction Potential 
Table 30. Glycerol Concentration as a Function of Reduction Potential at Compiled 
Temperatures. The following table is compilation of all reduction potential data at the various 
temperatures given in the previous chapter of the appendix (C).  
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APPENDIX E: POLYMATH PROGRAM 
 
The following program was written in POLYMATH for the determination of reaction 
kinetics at various temperatures. The example program below generates the concentrations of all 
reactants and products involved in the transesterification. The rate constants included here are 
respective to a reaction run at 55 C.  
 
 
#rateconsts k1', etc 


















d(D) / d(t) = k1*T*A-k2*E*D-k3*D*A+k4*E*M  
D(0) = .001 
 
d(T) / d(t) = -k1*T*A+k2*E*D  
T(0) = 1 
 
d(M) / d(t) = k3*D*A-k4*E*M-k5*M*A+k6*E*G  
M(0) = .001 
 
d(G) / d(t) = k5*M*A-k6*E*G  
G(0) = 0 
 
d(E) / d(t) = k1*T*A-k2*E*D+k3*D*A-k4*E*M+k5*M*A-k6*E*G  
E(0) = 0 
 
d(A) / d(t) = -k1*T*A+k2*E*D-k3*D*A+k4*E*M-k5*M*A+k6*E*G  
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APPENDIX F: Material Safety Data Sheets 
 














 As safety was a major concern in this project, Material Safety Data Sheets (MSDS) are 





Material Safety Data Sheet 
Acetic acid, >96% 
ACC# 00120  
Section 1 - Chemical Product and Company Identification 
MSDS Name: Acetic acid, >96%  
Catalog Numbers: AC124040000, AC124040010, AC124040025, AC124040050, AC124040250, AC148930000, 
AC148930010, AC222140000, AC222140010, AC222140025, AC222140051, AC222140200, AC222142500, 
AC295320000, AC295320010, AC295320025, AC295320100, AC423220000, 14893-0025, 42322-0025, 42322-
5000, A35-500, A35-500LC, A38-212, A38-450LB, A38-500, A38-500LC, A38212LC, A38C-212, A38C212LC, 
A38J500, A38P-20, A38P500, A38S-212, A38S-500, A38SI-212, A465-1, A465-250, A465-500, A490-212, A491-
20, A491-212, A491-212LC, A491-4, A507-212, A507-4, A507-500, A507SK-212, AC38C212EA, BP1185-500, 
BP1185500LC, BP2400-500, BP2401-212, BP2401-500, BP2401C-212, BP2401P-20, BP2401S-212, BP2401S-
500, BP2401SI-212, NC9011470, NC9758600, S70048-1SC, S70048-2MF, S700481MF  
Synonyms: Ethanoic acid; Ethylic acid; Methanecarboxylic acid; Vinegar acid; Glacial acetic acid.  
Company Identification: 
              Fisher Scientific 
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              1 Reagent Lane 
              Fair Lawn, NJ 07410  
For information, call: 201-796-7100  
Emergency Number: 201-796-7100  
For CHEMTREC assistance, call: 800-424-9300  
For International CHEMTREC assistance, call: 703-527-3887  
Section 2 - Composition, Information on Ingredients  
 
CAS# Chemical Name Percent EINECS/ELINCS 
64-19-7 Acetic acid >96  200-580-7 
 
Section 3 - Hazards Identification  
 
EMERGENCY OVERVIEW 
Appearance: clear, colorless liquid. Flash Point: 39 deg C. 
Danger! Causes severe eye and skin burns. Causes severe digestive and respiratory tract burns. Flammable liquid 
and vapor. May be harmful if absorbed through the skin. Glacial acetic acid solidifies below 62°F (17°C). 
Corrosive to metal.  
Target Organs: Teeth, eyes, skin, mucous membranes.  
 
 
Potential Health Effects  
Eye: Causes severe eye irritation. Contact with liquid or vapor causes severe burns and possible irreversible eye 
damage.  
Skin: Causes skin burns. May be harmful if absorbed through the skin. Contact with the skin may cause blackening 
and hyperkeratosis of the skin of the hands.  
Ingestion: May cause severe and permanent damage to the digestive tract. Causes severe pain, nausea, vomiting, 
diarrhea, and shock. May cause polyuria, oliguria (excretion of a diminished amount of urine in relation to the fluid 
intake) and anuria (complete suppression of urination). Rapidly absorbed from the gastrointestinal tract.  
Inhalation: Effects may be delayed. Causes chemical burns to the respiratory tract. Exposure may lead to 
bronchitis, pharyngitis, and dental erosion. May be absorbed through the lungs.  
Chronic: Chronic exposure to acetic acid may cause erosion of dental enamel, bronchitis, eye irritation, darkening 
of the skin, and chronic inflammation of the respiratory tract. Acetic acid can cause occupational asthma. One case 
of a delayed asthmatic response to glacial acetic acid has been reported in a person with bronchial asthma. Skin 
sensitization to acetic acid is rare, but has occurred.  
Section 4 - First Aid Measures  
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Eyes: In case of contact, immediately flush eyes with plenty of water for a t least 15 minutes. Get medical aid 
immediately.  
Skin: In case of contact, immediately flush skin with plenty of water for at least 15 minutes while removing 
contaminated clothing and shoes. Get medical aid immediately. Wash clothing before reuse.  
Ingestion: If swallowed, do NOT induce vomiting. Get medical aid immediately. If victim is fully conscious, give a 
cupful of water. Never give anything by mouth to an unconscious person.  
Inhalation: If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give 
oxygen. Get medical aid.  
Notes to Physician: Persons with pre-existing skin disorders or impaired respiratory or pulmonary function may be 
at increased risk to the effects of this substance. Treat symptomatically and supportively.  
Section 5 - Fire Fighting Measures  
 
 
General Information: As in any fire, wear a self-contained breathing apparatus in pressure-demand, 
MSHA/NIOSH (approved or equivalent), and full protective gear. During a fire, irritating and highly toxic gases 
may be generated by thermal decomposition or combustion. Use water spray to keep fire-exposed containers cool. 
Reacts with most metals to form highly flammable hydrogen gas which can form explosive mixtures with air. 
Flammable liquid and vapor. Vapors are heavier than air and may travel to a source of ignition and flash back. 
Vapors can spread along the ground and collect in low or confined areas.  
Extinguishing Media: Use water spray, dry chemical, "alcohol resistant" foam, or carbon dioxide.  
Flash Point: 39 deg C ( 102.20 deg F)  
Autoignition Temperature: 426 deg C ( 798.80 deg F)  
Explosion Limits, Lower:4.0 vol %  
Upper: 19.9 vol %  
NFPA Rating: (estimated) Health: 3; Flammability: 2; Instability: 0  
Section 6 - Accidental Release Measures  
 
 
General Information: Use proper personal protective equipment as indicated in Section 8.  
Spills/Leaks: Absorb spill with inert material (e.g. vermiculite, sand or earth), then place in suitable container. 
Wash area with soap and water. Remove all sources of ignition. Use a spark-proof tool. Provide ventilation. Use 
water spray to cool and disperse vapors, protect personnel, and dilute spills to form nonflammable mixtures. Control 
runoff and isolate discharged material for proper disposal. Spill may be carefully neutralized with soda ash (sodium 
carbonate).  
Section 7 - Handling and Storage  
 
 
Handling: Wash thoroughly after handling. Remove contaminated clothing and wash before reuse. Ground and 
bond containers when transferring material. Do not get in eyes, on skin, or on clothing. Empty containers retain 
product residue, (liquid and/or vapor), and can be dangerous. Discard contaminated shoes. Do not pressurize, cut, 
weld, braze, solder, drill, grind, or expose empty containers to heat, sparks or open flames. Use only with adequate 
ventilation. Keep away from heat, sparks and flame. Do not breathe vapor or mist. Use corrosion-resistant transfer 
equipment when dispensing.  
Storage: Keep away from heat, sparks, and flame. Keep from contact with oxidizing materials. Store in a cool, dry, 
well-ventilated area away from incompatible substances. Do not store near alkaline substances. Acetic acid should 
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be kept above its freezing point of 62°F(17°C) to allow it to be handled as a liquid. It will contract slightly on 
freezing. Freezing and thawing does not affect product quality.  
Section 8 - Exposure Controls, Personal Protection  
 
 
Engineering Controls: Facilities storing or utilizing this material should be equipped with an eyewash facility and a 
safety shower. Use adequate general or local exhaust ventilation to keep airborne concentrations below the 
permissible exposure limits. Use a corrosion-resistant ventilation system.  
Exposure Limits  
Chemical Name ACGIH NIOSH OSHA - Final PELs 
Acetic acid  10 ppm TWA; 15 ppm STEL  
10 ppm TWA; 25 mg/m3 TWA 
50 ppm IDLH  
10 ppm TWA; 25 mg/m3 TWA  
 
OSHA Vacated PELs: Acetic acid: 10 ppm TWA; 25 mg/m3 TWA  
Personal Protective Equipment  
Eyes: Wear chemical splash goggles and face shield.  
Skin: Wear appropriate gloves to prevent skin exposure.  
Clothing: Wear appropriate protective clothing to prevent skin exposure.  
Respirators: A respiratory protection program that meets OSHA's 29 CFR 1910.134 and ANSI Z88.2 requirements 
or European Standard EN 149 must be followed whenever workplace conditions warrant respirator use.  
Section 9 - Physical and Chemical Properties  
 
 
Physical State: Liquid  
Appearance: clear, colorless  
Odor: pungent odor - vinegar odor  
pH: <.01  
Vapor Pressure: 11.4 mm Hg @ 20 deg C  
Vapor Density: 2.10 (Air=1)  
Evaporation Rate:0.97 (n-Butyl acetate=1)  
Viscosity: 1.22 cP  
Boiling Point: 117 - 118 deg C  
Freezing/Melting Point:16.6 deg C  
Decomposition Temperature:Not available.  
Solubility: Soluble.  
Specific Gravity/Density:1.05 (Water=1)  
Molecular Formula:C2H4O2  
Molecular Weight:60.04  
Section 10 - Stability and Reactivity  
 
 
Chemical Stability: Stable at room temperature in closed containers under normal storage and handling conditions.  
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Conditions to Avoid: Ignition sources, excess heat, freezing temperatures, confined spaces, Note: Use great caution 
in mixing with water due to heat evolution that causes explosive spattering. Always add the acid to water, never the 
reverse..  
Incompatibilities with Other Materials: Metals, strong oxidizing agents, bases, chlorine trifluoride, nitric acid, 
acetaldehyde, chlorosulfonic acid, oleum, bromine pentafluoride, perchloric acid, potassium tert-butoxide, 
ethyleneimine, 2-aminoethanol, ethylene diamine, phosphorus trichloride, phosphorus isocyanate, chromic acid.  
Hazardous Decomposition Products: Carbon monoxide, carbon monoxide, carbon dioxide.  
Hazardous Polymerization: Will not occur.  
Section 11 - Toxicological Information  
 
 
RTECS#:       
CAS# 64-19-7: AF1225000  
LD50/LC50: 
CAS# 64-19-7: 
     Draize test, rabbit, skin: 50 mg/24H Mild; 
     Inhalation, mouse: LC50 = 5620 ppm/1H; 
     Oral, rat: LD50 = 3310 mg/kg; 




CAS# 64-19-7: Not listed by ACGIH, IARC, NTP, or CA Prop 65. 
 
Epidemiology: No information available.  
Teratogenicity: No teratogenic effects were observed among the offspring of mice, rats, or rabbits that had been 
given very large doses of apple cider vinegar (containing acetic acid) during pregnancy.Acetic acid treatment of 
suckling rats (via maternal administration) was associated with abnormalities of behavioral testing.  
Reproductive Effects: Intratesticular, rat: TDLo = 400 mg/kg (male 1 day(s) pre-mating) Fertility - male fertility 
index (e.g. # males impregnating females per # males exposed to fertile nonpregnant females).  
Mutagenicity: Sister Chromatid Exchange: Human, Lymphocyte = 5 mmol/L.; Unscheduled DNA Synthesis: 
Administration onto the skin, mouse = 79279 ug/kg.; Cytogenetic Analysis: Hamster, Ovary = 10 mmol/L.  
Neurotoxicity: No information available.  
Other Studies:  
Section 12 - Ecological Information  
 
 
Ecotoxicity: Fish: Fathead Minnow: LC50 = 88 mg/L; 96 Hr; Static bioassay @ 18-22°CFish: Bluegill/Sunfish: 
LC50 = 75 mg/L; 96 Hr; UnspecifiedFish: Goldfish: LC50 = 423 mg/L; 24 Hr; UnspecifiedWater flea Daphnia: 
EC50 = 32-47 mg/L; 24-48 Hr; UnspecifiedBacteria: Phytobacterium phosphoreum: EC50 = 8.86-11 mg/L; 5,15,25 
min; Microtox test If released to water or soil, acetic acid will biodegrade readily. Evaporation from dry surfaces is 
likely to occur. When spilled on soil, the liquid will spread on the surface and penetrate into the soil at a rate 
dependent on the soil type and its water content. Acetic acid shows no potential for biological accumulation or food 
chain contamination.  
Environmental: If released to the atmosphere, it is degraded in the vapor-phase by reaction with photochemically 
produced hydroyxl radicals (estimated typical half-life of 26.7 days). It occurs in atmospheric particulate matter in 
acetate form and physical removal from air can occur via wet and dry deposition.  
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Physical: Natural waters will neutralize dilute solutions to acetate salts.  
Other: No information available.  
Section 13 - Disposal Considerations  
 
Chemical waste generators must determine whether a discarded chemical is classified as a hazardous waste. US EPA 
guidelines for the classification determination are listed in 40 CFR Parts 261.3. Additionally, waste generators must 
consult state and local hazardous waste regulations to ensure complete and accurate classification.  
RCRA P-Series: None listed.  
RCRA U-Series: None listed.  
Section 14 - Transport Information  
 
 
US DOT Canada TDG 
Shipping Name: ACETIC ACID, GLACIAL ACETIC ACID GLACIAL 
Hazard Class: 8 8(3) 
UN Number: UN2789 UN2789 
Packing Group: II II 
 





     CAS# 64-19-7 is listed on the TSCA inventory.  
Health & Safety Reporting List 
     None of the chemicals are on the Health & Safety Reporting List.  
Chemical Test Rules 
     None of the chemicals in this product are under a Chemical Test Rule.  
Section 12b 
     None of the chemicals are listed under TSCA Section 12b.  
TSCA Significant New Use Rule 
     None of the chemicals in this material have a SNUR under TSCA.  
CERCLA Hazardous Substances and corresponding RQs 
     CAS# 64-19-7: 5000 lb final RQ; 2270 kg final RQ  
SARA Section 302 Extremely Hazardous Substances 
     None of the chemicals in this product have a TPQ.  
SARA Codes 
     CAS # 64-19-7: immediate, delayed, fire.  
Section 313      No chemicals are reportable under Section 313.  
Clean Air Act: 
     This material does not contain any hazardous air pollutants.  
     This material does not contain any Class 1 Ozone depletors.  
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     This material does not contain any Class 2 Ozone depletors.  
Clean Water Act: 
CAS# 64-19-7 is listed as a Hazardous Substance under the CWA.  
     None of the chemicals in this product are listed as Priority Pollutants under the CWA.  
     None of the chemicals in this product are listed as Toxic Pollutants under the CWA.  
OSHA: 
     None of the chemicals in this product are considered highly hazardous by OSHA.  
STATE 
     CAS# 64-19-7 can be found on the following state right to know lists: California, New Jersey, Pennsylvania, 
Minnesota, Massachusetts.  
 
California Prop 65 
 
California No Significant Risk Level: None of the chemicals in this product are listed.  
 
European/International Regulations 
European Labeling in Accordance with EC Directives 
Hazard Symbols: 
     C  
Risk Phrases: 
     R 10 Flammable.  
     R 35 Causes severe burns.  
 
Safety Phrases: 
     S 23 Do not inhale gas/fumes/vapour/spray.  
     S 26 In case of contact with eyes, rinse immediately with plenty of  
     water and seek medical advice.  
     S 45 In case of accident or if you feel unwell, seek medical advice  
     immediately (show the label where possible).  
 
WGK (Water Danger/Protection) 
     CAS# 64-19-7: 1  
Canada - DSL/NDSL 
     CAS# 64-19-7 is listed on Canada's DSL List.  
Canada - WHMIS 
     This product has a WHMIS classification of E, B3.  
This product has been classified in accordance with the hazard criteria of the Controlled Products Regulations and 
the MSDS contains all of the information required by those regulations.  
Canadian Ingredient Disclosure List 
     CAS# 64-19-7 is listed on the Canadian Ingredient Disclosure List. 
Section 16 - Additional Information  
 
MSDS Creation Date: 7/21/1999  
Revision #14 Date: 9/30/2008  
 
The information above is believed to be accurate and represents the best information currently available to us. However, we make no warranty of 
merchantability or any other warranty, express or implied, with respect to such information, and we assume no liability resulting from its use. Users 
should make their own investigations to determine the suitability of the information for their particular purposes. In no event shall Fisher be liable for any 
claims, losses, or damages of any third party or for lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever 
arising, even if Fisher has been advised of the possibility of such damages.  
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Acetyl Acetone 
Material Safety Data Sheet 
Acetyl acetone 
ACC# 00270  
Section 1 - Chemical Product and Company Identification 
MSDS Name: Acetyl acetone  
Catalog Numbers: AC129960000, AC129960010, AC129960050, AC129962500, AC129965000, A25-500, 
NC9504922  
Synonyms: 2,4-Pentanedione; Acetylacetone.  
Company Identification: 
              Fisher Scientific 
              1 Reagent Lane 
              Fair Lawn, NJ 07410  
For information, call: 201-796-7100  
Emergency Number: 201-796-7100  
For CHEMTREC assistance, call: 800-424-9300  
For International CHEMTREC assistance, call: 703-527-3887  
Section 2 - Composition, Information on Ingredients  
 
CAS# Chemical Name Percent EINECS/ELINCS 
123-54-6 Pentadione 100  204-634-0 
 
Section 3 - Hazards Identification  
 
EMERGENCY OVERVIEW 
Appearance: colorless or slight yellow liquid. Flash Point: 34 deg C. 
Warning! Flammable liquid and vapor. Causes eye, skin, and respiratory tract irritation. Harmful if swallowed 
or absorbed through the skin. May cause central nervous system depression. May cause fetal effects based upon 
animal studies.  
Target Organs: Central nervous system.  
 
 
Potential Health Effects  
Eye: Causes eye irritation. May cause chemical conjunctivitis and corneal damage.  
Skin: Causes skin irritation. Harmful if absorbed through the skin. Chronic exposure may cause chelation with iron 
and other soluble metals leading to deficiencies. Exposure to low concentrations may be cumulative. May cause 
irritation and dermatitis. May cause cyanosis of the extremities.  
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Ingestion: Harmful if swallowed. May cause gastrointestinal irritation with nausea, vomiting and diarrhea. May 
cause effects similar to those for inhalation exposure. Ingestion of large amounts may cause CNS depression.  
Inhalation: Inhalation of high concentrations may cause central nervous system effects characterized by nausea, 
headache, dizziness, unconsciousness and coma. May cause respiratory tract irritation. Aspiration may lead to 
pulmonary edema. Vapors may cause dizziness or suffocation. May cause burning sensation in the chest.  
Chronic: Animal studies have reported that fetal effects/abnormalities may occur when maternal toxicity is seen. 
Chronic exposure may cause chelation with iron and other soluble metals leading to deficiencies. Exposure to low 
concentrations may be cumulative. Laboratory experiments have resulted in mutagenic effects.  
Section 4 - First Aid Measures  
 
 
Eyes: Flush eyes with plenty of water for at least 15 minutes, occasionally lifting the upper and lower eyelids. Get 
medical aid.  
Skin: Get medical aid. Flush skin with plenty of water for at least 15 minutes while removing contaminated clothing 
and shoes.  
Ingestion: Call a poison control center. If swallowed, do not induce vomiting unless directed to do so by medical 
personnel. Never give anything by mouth to an unconscious person. Get medical aid.  
Inhalation: Remove from exposure and move to fresh air immediately. If not breathing, give artificial respiration. If 
breathing is difficult, give oxygen. Get medical aid.  
Notes to Physician: Treat symptomatically and supportively.  
Section 5 - Fire Fighting Measures  
 
 
General Information: As in any fire, wear a self-contained breathing apparatus in pressure-demand, 
MSHA/NIOSH (approved or equivalent), and full protective gear. Vapors may form an explosive mixture with air. 
Vapors can travel to a source of ignition and flash back. Will burn if involved in a fire. Use water spray to keep fire-
exposed containers cool. Containers may explode in the heat of a fire. Flammable liquid and vapor.  
Extinguishing Media: For small fires, use dry chemical, carbon dioxide, water spray or alcohol-resistant foam. For 
large fires, use water spray, fog, or alcohol-resistant foam. Use water spray to cool fire-exposed containers. Water 
may be ineffective. Do NOT use straight streams of water.  
Flash Point: 34 deg C ( 93.20 deg F)  
Autoignition Temperature: 340 deg C ( 644.00 deg F)  
Explosion Limits, Lower:Not available.  
Upper: Not available.  
NFPA Rating: (estimated) Health: 2; Flammability: 2; Instability: 0  
Section 6 - Accidental Release Measures  
 
 
General Information: Use proper personal protective equipment as indicated in Section 8.  
Spills/Leaks: Absorb spill with inert material (e.g. vermiculite, sand or earth), then place in suitable container. 
Remove all sources of ignition. Use a spark-proof tool. Provide ventilation. A vapor suppressing foam may be used 
to reduce vapors.  
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Section 7 - Handling and Storage  
 
 
Handling: Use only in a well-ventilated area. Ground and bond containers when transferring material. Use spark-
proof tools and explosion proof equipment. Do not get in eyes, on skin, or on clothing. Empty containers retain 
product residue, (liquid and/or vapor), and can be dangerous. Keep container tightly closed. Keep away from heat, 
sparks and flame. Do not ingest or inhale. Do not pressurize, cut, weld, braze, solder, drill, grind, or expose empty 
containers to heat, sparks or open flames.  
Storage: Keep away from heat, sparks, and flame. Keep away from sources of ignition. Store in a tightly closed 
container. Store in a cool, dry, well-ventilated area away from incompatible substances. Flammables-area.  
Section 8 - Exposure Controls, Personal Protection  
 
 
Engineering Controls: Facilities storing or utilizing this material should be equipped with an eyewash facility and a 
safety shower. Use adequate general or local explosion-proof ventilation to keep airborne levels to acceptable levels.  
Exposure Limits  
Chemical Name ACGIH NIOSH OSHA - Final PELs 
Pentadione  none listed  none listed  none listed  
 
OSHA Vacated PELs: Pentadione: No OSHA Vacated PELs are listed for this chemical.  
Personal Protective Equipment  
Eyes: Wear chemical splash goggles.  
Skin: Wear appropriate protective gloves to prevent skin exposure.  
Clothing: Wear appropriate protective clothing to prevent skin exposure.  
Respirators: A respiratory protection program that meets OSHA's 29 CFR 1910.134 and ANSI Z88.2 requirements 
or European Standard EN 149 must be followed whenever workplace conditions warrant respirator use.  
Section 9 - Physical and Chemical Properties  
 
 
Physical State: Liquid  
Appearance: colorless or slight yellow  
Odor: putrid odor  
pH: Not available.  
Vapor Pressure: 6 mm Hg @ 20 deg C  
Vapor Density: 3.5 (Air=1)  
Evaporation Rate:0.75 (n-butyl acetate=1)  
Viscosity: Not available.  
Boiling Point: 139 - 141 deg C  
Freezing/Melting Point:-23 deg C  
Decomposition Temperature:Not available.  
Solubility: Soluble.  
Specific Gravity/Density:0.973  
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Molecular Formula:C5H8O2  
Molecular Weight:100.12  
Section 10 - Stability and Reactivity  
 
 
Chemical Stability: Stable under normal temperatures and pressures.  
Conditions to Avoid: Incompatible materials, light, ignition sources, excess heat.  
Incompatibilities with Other Materials: Oxidizing agents, strong reducing agents, strong bases.  
Hazardous Decomposition Products: Carbon monoxide, irritating and toxic fumes and gases, carbon dioxide.  
Hazardous Polymerization: Has not been reported.  
Section 11 - Toxicological Information  
 
 
RTECS#:       
CAS# 123-54-6: SA1925000  
LD50/LC50: 
CAS# 123-54-6: 
     Draize test, rabbit, eye: 20 mg Severe; 
     Draize test, rabbit, skin: 11.2 mL/6H (Intermittent) Mild; 
     Draize test, rabbit, skin: 33.6 mL/6H (Intermittent) Moderate; 
     Draize test, rabbit, skin: 11.2 mL/2D (Intermittent) Moderate; 
     Oral, mouse: LD50 = 951 mg/kg; 
     Oral, rat: LD50 = 55 mg/kg; 
     Oral, rat: LD50 = 55 mg/kg; 




CAS# 123-54-6: Not listed by ACGIH, IARC, NTP, or CA Prop 65. 
 
Epidemiology: No information found  
Teratogenicity: Inhalation, rat: TCLo = 398 ppm/6H (female 6-15 day(s) after conception) Effects on Embryo or 
Fetus - fetotoxicity (except death, e.g., stunted fetus).  
Reproductive Effects: No information found  
Mutagenicity: Dominant Lethal Test: Inhalation, rat = 694 ppm/6h/5D.; Mutation in Mammalian Somatic Cells: 
Hamster, Ovary = 80 mg/L.  
Neurotoxicity: No information found  
Other Studies:  
Section 12 - Ecological Information  
 
 
Ecotoxicity: No data available. released to soil, acetyl acetone is expected to leach readily (estimated Koc range of 
6 to 28) and volatilize from dry soil surfaces. One screening study suggests that biodegradation may be the 
predominant fate process in water. Although this study is not specific to soil media, it suggests that biodegradation 
in soil may be important. If released to water, hydrolysis, aquatic oxidation, adsorption to sediment and 
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bioconcentration in aquatic organisms are not expected to be environmentally important removal processes of 
acetylacetone.  
Environmental: Volatilization half-lives of 15 and 170 days have been estimated for a model river (one meter deep) 
and a model environmental pond, respectively. If released to the atmosphere, acetyl acetone is expected to exist in 
the vapor phase. Vapor-phase acetyl acetone is expected to degrade by reaction with photochemically produced 
hydroxyl radicals (estimated half-life of 14 days). Based on its high water solubility, removal from air via wet 
deposition may occur.  
Physical: No information available.  
Other: No information available.  
Section 13 - Disposal Considerations  
 
Chemical waste generators must determine whether a discarded chemical is classified as a hazardous waste. US EPA 
guidelines for the classification determination are listed in 40 CFR Parts 261.3. Additionally, waste generators must 
consult state and local hazardous waste regulations to ensure complete and accurate classification.  
RCRA P-Series: None listed.  
RCRA U-Series: None listed.  
Section 14 - Transport Information  
 
 
US DOT Canada TDG 
Shipping Name: PENTANE-2,4-DIONE PENTANE-2,4-DIONE 
Hazard Class: 3 3(6.1) 
UN Number: UN2310 UN2310 










     CAS# 123-54-6 is listed on the TSCA inventory.  
Health & Safety Reporting List 
     None of the chemicals are on the Health & Safety Reporting List.  
Chemical Test Rules 
     None of the chemicals in this product are under a Chemical Test Rule.  
Section 12b 
     CAS# 123-54-6: Section 5, 1 % de minimus concentration  
TSCA Significant New Use Rule 
     None of the chemicals in this material have a SNUR under TSCA.  
CERCLA Hazardous Substances and corresponding RQs 
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     None of the chemicals in this material have an RQ.  
SARA Section 302 Extremely Hazardous Substances 
     None of the chemicals in this product have a TPQ.  
SARA Codes 
     CAS # 123-54-6: immediate, delayed, fire.  
Section 313      No chemicals are reportable under Section 313.  
Clean Air Act: 
     This material does not contain any hazardous air pollutants.  
     This material does not contain any Class 1 Ozone depletors.  
     This material does not contain any Class 2 Ozone depletors.  
Clean Water Act: 
     None of the chemicals in this product are listed as Hazardous Substances under the CWA.  
     None of the chemicals in this product are listed as Priority Pollutants under the CWA.  
     None of the chemicals in this product are listed as Toxic Pollutants under the CWA.  
OSHA: 
     None of the chemicals in this product are considered highly hazardous by OSHA.  
STATE 
     CAS# 123-54-6 can be found on the following state right to know lists: New Jersey, Pennsylvania, 
Massachusetts.  
 
California Prop 65 
 
California No Significant Risk Level: None of the chemicals in this product are listed.  
 
European/International Regulations 
European Labeling in Accordance with EC Directives 
Hazard Symbols: 
     XN  
Risk Phrases: 
     R 10 Flammable.  
     R 22 Harmful if swallowed.  
 
Safety Phrases: 
     S 21 When using do not smoke.  
     S 23 Do not inhale gas/fumes/vapour/spray.  
     S 24/25 Avoid contact with skin and eyes.  
 
WGK (Water Danger/Protection) 
     CAS# 123-54-6: 1  
Canada - DSL/NDSL 
     CAS# 123-54-6 is listed on Canada's DSL List.  
Canada - WHMIS 
     This product has a WHMIS classification of B2, D1B, D2B.  
This product has been classified in accordance with the hazard criteria of the Controlled Products Regulations and 
the MSDS contains all of the information required by those regulations.  
Canadian Ingredient Disclosure List 
     CAS# 123-54-6 is listed on the Canadian Ingredient Disclosure List. 
Section 16 - Additional Information  
 
MSDS Creation Date: 6/25/1999  
Revision #7 Date: 11/05/2007  
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The information above is believed to be accurate and represents the best information currently available to us. However, we make no warranty of 
merchantability or any other warranty, express or implied, with respect to such information, and we assume no liability resulting from its use. Users 
should make their own investigations to determine the suitability of the information for their particular purposes. In no event shall Fisher be liable for any 
claims, losses, or damages of any third party or for lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever 
arising, even if Fisher has been advised of the possibility of such damages.  
 
Ammonium Acetate 
Material Safety Data Sheet 
Ammonium Acetate 
ACC# 01060  
Section 1 - Chemical Product and Company Identification 
MSDS Name: Ammonium Acetate  
Catalog Numbers: AC169880000, AC169880010, AC169880025, AC169880050, AC218360000, AC218360010, 
AC218365000, AC423270000, AC423270020, AC423270250, 42327-5000, A637-10, A637-3, A637-500, 
A63710LC, A639-500, A639J500, BP2412-500, BP326-1, BP326-500, NC9487539  
Synonyms: Acetic acid ammonium salt.  
Company Identification: 
              Fisher Scientific 
              1 Reagent Lane 
              Fair Lawn, NJ 07410  
For information, call: 201-796-7100  
Emergency Number: 201-796-7100  
For CHEMTREC assistance, call: 800-424-9300  
For International CHEMTREC assistance, call: 703-527-3887  
Section 2 - Composition, Information on Ingredients  
 
CAS# Chemical Name Percent EINECS/ELINCS 
631-61-8 Ammonium acetate ca.100  211-162-9 
 
Section 3 - Hazards Identification  
 
EMERGENCY OVERVIEW 
Appearance: moist white solid. 
Caution! May cause eye, skin, and respiratory tract irritation. Hygroscopic (absorbs moisture from the air).  
Target Organs: None known.  




Potential Health Effects  
Eye: May cause eye irritation.  
Skin: May cause skin irritation. May be harmful if absorbed through the skin.  
Ingestion: May cause gastrointestinal irritation with nausea, vomiting and diarrhea. May cause muscle tremor and 
impaired motor function. May be harmful if swallowed.  
Inhalation: May cause respiratory tract irritation. May be harmful if inhaled.  
Chronic: No information found.  
Section 4 - First Aid Measures  
 
 
Eyes: Immediately flush eyes with plenty of water for at least 15 minutes, occasionally lifting the upper and lower 
eyelids. Get medical aid.  
Skin: Get medical aid if irritation develops or persists. Flush skin with plenty of soap and water.  
Ingestion: Never give anything by mouth to an unconscious person. Get medical aid. Do NOT induce vomiting. If 
conscious and alert, rinse mouth and drink 2-4 cupfuls of milk or water.  
Inhalation: Remove from exposure and move to fresh air immediately. If not breathing, give artificial respiration. If 
breathing is difficult, give oxygen. Get medical aid.  
Notes to Physician: Treat symptomatically and supportively.  
Section 5 - Fire Fighting Measures  
 
 
General Information: As in any fire, wear a self-contained breathing apparatus in pressure-demand, 
MSHA/NIOSH (approved or equivalent), and full protective gear. During a fire, irritating and highly toxic gases 
may be generated by thermal decomposition or combustion.  
Extinguishing Media: Use water spray, dry chemical, carbon dioxide, or chemical foam.  
Flash Point: 136 deg C ( 276.80 deg F)  
Autoignition Temperature: Not available.  
Explosion Limits, Lower:Not available.  
Upper: Not available.  
NFPA Rating: (estimated) Health: 1; Flammability: 1; Instability: 1  
Section 6 - Accidental Release Measures  
 
 
General Information: Use proper personal protective equipment as indicated in Section 8.  
Spills/Leaks: Vacuum or sweep up material and place into a suitable disposal container. Clean up spills 
immediately, observing precautions in the Protective Equipment section. Avoid generating dusty conditions. Provide 
ventilation.  
Section 7 - Handling and Storage  




Handling: Wash thoroughly after handling. Minimize dust generation and accumulation. Avoid contact with eyes, 
skin, and clothing. Keep container tightly closed. Avoid ingestion and inhalation. Use with adequate ventilation.  
Storage: Store in a tightly closed container. Store in a cool, dry, well-ventilated area away from incompatible 
substances. Store protected from moisture.  
Section 8 - Exposure Controls, Personal Protection  
 
 
Engineering Controls: Facilities storing or utilizing this material should be equipped with an eyewash facility and a 
safety shower. Use adequate ventilation to keep airborne concentrations low.  
Exposure Limits  
Chemical Name ACGIH NIOSH OSHA - Final PELs 
Ammonium acetate  none listed  none listed  none listed  
 
OSHA Vacated PELs: Ammonium acetate: No OSHA Vacated PELs are listed for this chemical.  
Personal Protective Equipment  
Eyes: Wear appropriate protective eyeglasses or chemical safety goggles as described by OSHA's eye and face 
protection regulations in 29 CFR 1910.133 or European Standard EN166.  
Skin: Wear appropriate protective gloves to prevent skin exposure.  
Clothing: Wear appropriate protective clothing to prevent skin exposure.  
Respirators: A respiratory protection program that meets OSHA's 29 CFR 1910.134 and ANSI Z88.2 requirements 
or European Standard EN 149 must be followed whenever workplace conditions warrant respirator use.  
Section 9 - Physical and Chemical Properties  
 
 
Physical State: Solid  
Appearance: moist white  
Odor: Slightly acetic odor.  
pH: 7.0 (5% soln @ 20°C)  
Vapor Pressure: Not available.  
Vapor Density: Not available.  
Evaporation Rate:Not available.  
Viscosity: Not available.  
Boiling Point: Not available.  
Freezing/Melting Point:110 - 112 deg C  
Decomposition Temperature:Not available.  
Solubility: IN METHANOL: 7.89 G/100ML (15°C)  
Specific Gravity/Density:1.0730g/cm3  
Molecular Formula:C2H7NO2  
Molecular Weight:77.08  
Section 10 - Stability and Reactivity  




Chemical Stability: Deliquescent (tending to absorb atmospheric water vapor and become liquid); tends to lose 
ammonia.  
Conditions to Avoid: Incompatible materials, dust generation, exposure to moist air or water.  
Incompatibilities with Other Materials: Strong oxidizing agents, strong acids, sodium hypochlorite, strong 
alkalies.  
Hazardous Decomposition Products: Nitrogen oxides, carbon monoxide, carbon dioxide, acetic acid, ammonia.  
Hazardous Polymerization: Will not occur.  
Section 11 - Toxicological Information  
 
 
RTECS#:       





CAS# 631-61-8: Not listed by ACGIH, IARC, NTP, or CA Prop 65. 
 
Epidemiology: No information found  
Teratogenicity: No information found  
Reproductive Effects: No information found  
Mutagenicity: No information found  
Neurotoxicity: No information found  
Other Studies:  
Section 12 - Ecological Information  
 
 
Ecotoxicity: Fish: Mosquito Fish: LC50 = 238 mg/L; 24-96 Hr; Unspecified 
Fish: Carp: LC50 = 1.06-1.15 mg/L; 48 Hr; Un-ionized ammonia 
Section 13 - Disposal Considerations  
 
Chemical waste generators must determine whether a discarded chemical is classified as a hazardous waste. US EPA 
guidelines for the classification determination are listed in 40 CFR Parts 261.3. Additionally, waste generators must 
consult state and local hazardous waste regulations to ensure complete and accurate classification.  
RCRA P-Series: None listed.  
RCRA U-Series: None listed.  
Section 14 - Transport Information  
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US DOT Canada TDG 













     CAS# 631-61-8 is listed on the TSCA inventory.  
Health & Safety Reporting List 
     None of the chemicals are on the Health & Safety Reporting List.  
Chemical Test Rules 
     None of the chemicals in this product are under a Chemical Test Rule.  
Section 12b 
     None of the chemicals are listed under TSCA Section 12b.  
TSCA Significant New Use Rule 
     None of the chemicals in this material have a SNUR under TSCA.  
CERCLA Hazardous Substances and corresponding RQs 
     CAS# 631-61-8: 5000 lb final RQ; 2270 kg final RQ  
SARA Section 302 Extremely Hazardous Substances 
     None of the chemicals in this product have a TPQ.  
SARA Codes 
     CAS # 631-61-8: immediate.  
Section 313      No chemicals are reportable under Section 313.  
Clean Air Act: 
     This material does not contain any hazardous air pollutants.  
     This material does not contain any Class 1 Ozone depletors.  
     This material does not contain any Class 2 Ozone depletors.  
Clean Water Act: 
CAS# 631-61-8 is listed as a Hazardous Substance under the CWA.  
     None of the chemicals in this product are listed as Priority Pollutants under the CWA.  
     None of the chemicals in this product are listed as Toxic Pollutants under the CWA.  
OSHA: 
     None of the chemicals in this product are considered highly hazardous by OSHA.  
STATE 
     CAS# 631-61-8 can be found on the following state right to know lists: California, New Jersey, Pennsylvania, 
Massachusetts.  
 
California Prop 65 
 
California No Significant Risk Level: None of the chemicals in this product are listed.  
 
European/International Regulations 
European Labeling in Accordance with EC Directives 
Hazard Symbols: 
      Not available.  





     S 24/25 Avoid contact with skin and eyes.  
 
WGK (Water Danger/Protection) 
     CAS# 631-61-8: 1  
Canada - DSL/NDSL 
     CAS# 631-61-8 is listed on Canada's DSL List.  
Canada - WHMIS 
     This product has a WHMIS classification of D2B.  
This product has been classified in accordance with the hazard criteria of the Controlled Products Regulations and 
the MSDS contains all of the information required by those regulations.  
Canadian Ingredient Disclosure List 
     CAS# 631-61-8 is not listed on the Canadian Ingredient Disclosure List. 
Section 16 - Additional Information  
 
MSDS Creation Date: 6/08/1999  
Revision #9 Date: 2/11/2008  
 
The information above is believed to be accurate and represents the best information currently available to us. However, we make no warranty of 
merchantability or any other warranty, express or implied, with respect to such information, and we assume no liability resulting from its use. Users 
should make their own investigations to determine the suitability of the information for their particular purposes. In no event shall Fisher be liable for any 
claims, losses, or damages of any third party or for lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever 
arising, even if Fisher has been advised of the possibility of such damages.  
 
Ethanol 
Material Safety Data Sheet 
Ethanol, Absolute 
ACC# 89308  
Section 1 - Chemical Product and Company Identification 
MSDS Name: Ethanol, Absolute  
Catalog Numbers: NC9602322  
Synonyms: Ethyl Alcohol; Ethyl Alcohol Anhydrous; Ethyl Hydrate; Ethyl Hydroxide; Fermentation Alcohol; 
Grain Alcohol; Methylcarbinol; Molasses Alcohol; Spirits of Wine.  
Company Identification: 
              Fisher Scientific 
              1 Reagent Lane 
              Fair Lawn, NJ 07410  
For information, call: 201-796-7100  
Emergency Number: 201-796-7100  
For CHEMTREC assistance, call: 800-424-9300  
For International CHEMTREC assistance, call: 703-527-3887  
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Section 2 - Composition, Information on Ingredients  
 
CAS# Chemical Name Percent EINECS/ELINCS 
64-17-5 Ethanol ca.100  200-578-6 
 
Section 3 - Hazards Identification  
 
EMERGENCY OVERVIEW 
Appearance: colorless clear liquid. Flash Point: 16.6 deg C. 
Warning! Causes severe eye irritation. Flammable liquid and vapor. Causes respiratory tract irritation. This 
substance has caused adverse reproductive and fetal effects in humans. May cause central nervous system 
depression. May cause liver, kidney and heart damage. Causes moderate skin irritation.  
Target Organs: Kidneys, heart, central nervous system, liver.  
 
 
Potential Health Effects  
Eye: Causes severe eye irritation. May cause painful sensitization to light. May cause chemical conjunctivitis and 
corneal damage.  
Skin: Causes moderate skin irritation. May cause cyanosis of the extremities.  
Ingestion: May cause gastrointestinal irritation with nausea, vomiting and diarrhea. May cause systemic toxicity 
with acidosis. May cause central nervous system depression, characterized by excitement, followed by headache, 
dizziness, drowsiness, and nausea. Advanced stages may cause collapse, unconsciousness, coma and possible death 
due to respiratory failure.  
Inhalation: Inhalation of high concentrations may cause central nervous system effects characterized by nausea, 
headache, dizziness, unconsciousness and coma. Causes respiratory tract irritation. May cause narcotic effects in 
high concentration. Vapors may cause dizziness or suffocation.  
Chronic: May cause reproductive and fetal effects. Laboratory experiments have resulted in mutagenic effects. 
Animal studies have reported the development of tumors. Prolonged exposure may cause liver, kidney, and heart 
damage.  
Section 4 - First Aid Measures  
 
 
Eyes: Get medical aid. Gently lift eyelids and flush continuously with wate r.  
Skin: Get medical aid. Wash clothing before reuse. Flush skin with plenty of soap and water.  
Ingestion: Do not induce vomiting. If victim is conscious and alert, give 2-4 cupfuls of milk or water. Never give 
anything by mouth to an unconscious person. Get medical aid.  
Inhalation: Remove from exposure and move to fresh air immediately. If not breathing, give artificial respiration. If 
breathing is difficult, give oxygen. Get medical aid. Do NOT use mouth-to-mouth resuscitation.  
Notes to Physician: Treat symptomatically and supportively. Persons with skin or eye disorders or liver, kidney, 
chronic respiratory diseases, or central and peripheral nervous sytem diseases may be at increased risk from 
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exposure to this substance.  
Antidote: None reported.  
Section 5 - Fire Fighting Measures  
 
 
General Information: Containers can build up pressure if exposed to heat and/or fire. As in any fire, wear a self-
contained breathing apparatus in pressure-demand, MSHA/NIOSH (approved or equivalent), and full protective 
gear. Vapors may form an explosive mixture with air. Vapors can travel to a source of ignition and flash back. Will 
burn if involved in a fire. Flammable Liquid. Can release vapors that form explosive mixtures at temperatures above 
the flashpoint. Use water spray to keep fire-exposed containers cool. Containers may explode in the heat of a fire.  
Extinguishing Media: For small fires, use dry chemical, carbon dioxide, water spray or alcohol-resistant foam. For 
large fires, use water spray, fog, or alcohol-resistant foam. Use water spray to cool fire-exposed containers. Water 
may be ineffective. Do NOT use straight streams of water.  
Flash Point: 16.6 deg C ( 61.88 deg F)  
Autoignition Temperature: 363 deg C ( 685.40 deg F)  
Explosion Limits, Lower:3.3 vol %  
Upper: 19.0 vol %  
NFPA Rating: (estimated) Health: 2; Flammability: 3; Instability: 0  
Section 6 - Accidental Release Measures  
 
 
General Information: Use proper personal protective equipment as indicated in Section 8.  
Spills/Leaks: Absorb spill with inert material (e.g. vermiculite, sand or earth), then place in suitable container. 
Remove all sources of ignition. Use a spark-proof tool. Provide ventilation. A vapor suppressing foam may be used 
to reduce vapors.  
Section 7 - Handling and Storage  
 
 
Handling: Wash thoroughly after handling. Use only in a well-ventilated area. Ground and bond containers when 
transferring material. Use spark-proof tools and explosion proof equipment. Avoid contact with eyes, skin, and 
clothing. Empty containers retain product residue, (liquid and/or vapor), and can be dangerous. Keep container 
tightly closed. Keep away from heat, sparks and flame. Avoid ingestion and inhalation. Do not pressurize, cut, weld, 
braze, solder, drill, grind, or expose empty containers to heat, sparks or open flames.  
Storage: Keep away from heat, sparks, and flame. Keep away from sources of ignition. Store in a tightly closed 
container. Keep from contact with oxidizing materials. Store in a cool, dry, well-ventilated area away from 
incompatible substances. Flammables-area. Do not store near perchlorates, peroxides, chromic acid or nitric acid.  
Section 8 - Exposure Controls, Personal Protection  
 
 
Engineering Controls: Use explosion-proof ventilation equipment. Facilities storing or utilizing this material 
should be equipped with an eyewash facility and a safety shower. Use adequate general or local exhaust ventilation 
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to keep airborne concentrations below the permissible exposure limits.  
Exposure Limits  
Chemical Name ACGIH NIOSH OSHA - Final PELs 
Ethanol 1000 ppm TWA  
1000 ppm TWA; 1900 mg/m3 
TWA 3300 ppm IDLH  
1000 ppm TWA; 1900 mg/m3 
TWA  
 
OSHA Vacated PELs: Ethanol: 1000 ppm TWA; 1900 mg/m3 TWA  
Personal Protective Equipment  
Eyes: Wear appropriate protective eyeglasses or chemical safety goggles as described by OSHA's eye and face 
protection regulations in 29 CFR 1910.133 or European Standard EN166.  
Skin: Wear appropriate protective gloves to prevent skin exposure.  
Clothing: Wear appropriate protective clothing to prevent skin exposure.  
Respirators: A respiratory protection program that meets OSHA's 29 CFR 1910.134 and ANSI Z88.2 requirements 
or European Standard EN 149 must be followed whenever workplace conditions warrant a respirator's use.  
Section 9 - Physical and Chemical Properties  
 
 
Physical State: Clear liquid  
Appearance: colorless  
Odor: Mild, rather pleasant, like wine or whis  
pH: Not available.  
Vapor Pressure: 59.3 mm Hg @ 20 deg C  
Vapor Density: 1.59  
Evaporation Rate:Not available.  
Viscosity: 1.200 cP @ 20 deg C  
Boiling Point: 78 deg C  
Freezing/Melting Point:-114.1 deg C  
Decomposition Temperature:Not available.  
Solubility: Miscible.  
Specific Gravity/Density:0.790 @ 20°C  
Molecular Formula:C2H5OH  
Molecular Weight:46.0414  
Section 10 - Stability and Reactivity  
 
 
Chemical Stability: Stable under normal temperatures and pressures.  
Conditions to Avoid: Incompatible materials, ignition sources, excess heat, oxidizers.  
Incompatibilities with Other Materials: Strong oxidizing agents, acids, alkali metals, ammonia, hydrazine, 
peroxides, sodium, acid anhydrides, calcium hypochlorite, chromyl chloride, nitrosyl perchlorate, bromine 
pentafluoride, perchloric acid, silver nitrate, mercuric nitrate, potassium-tert-butoxide, magnesium perchlorate, acid 
chlorides, platinum, uranium hexafluoride, silver oxide, iodine heptafluoride, acetyl bromide, disulfuryl difluoride, 
tetrachlorosilane + water, acetyl chloride, permanganic acid, ruthenium (VIII) oxide, uranyl perchlorate, potassium 
dioxide.  
Hazardous Decomposition Products: Carbon monoxide, irritating and toxic fumes and gases, carbon dioxide.  
Hazardous Polymerization: Will not occur.  
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Section 11 - Toxicological Information  
 
 
RTECS#:       
CAS# 64-17-5: KQ6300000  
LD50/LC50: 
CAS# 64-17-5: 
     Draize test, rabbit, eye: 500 mg Severe; 
     Draize test, rabbit, eye: 500 mg/24H Mild; 
     Draize test, rabbit, skin: 20 mg/24H Moderate; 
     Inhalation, mouse: LC50 = 39 gm/m3/4H; 
     Inhalation, rat: LC50 = 20000 ppm/10H; 
     Oral, mouse: LD50 = 3450 mg/kg; 
     Oral, rabbit: LD50 = 6300 mg/kg; 
     Oral, rat: LD50 = 7060 mg/kg; 
     Oral, rat: LD50 = 9000 mg/kg;<br. 
 
Carcinogenicity: 
CAS# 64-17-5: Not listed by ACGIH, IARC, NTP, or CA Prop 65. 
 
Epidemiology: Ethanol has been shown to produce fetotoxicity in the embryo or fetus of laboratory animals. 
Prenatal exposure to ethanol is associated with a distinct pattern of congenital malformations that have collecetively 
been termed the "fetal alcohol syndrome".  
Teratogenicity: Oral, Human - woman: TDLo = 41 gm/kg (female 41 week(s) after conception) Effects on 
Newborn - Apgar score (human only) and Effects on Newborn - other neonatal measures or effects and Effects on 
Newborn - drug dependence.  
Reproductive Effects: Intrauterine, Human - woman: TDLo = 200 mg/kg (female 5 day(s) pre-mating) Fertility - 
female fertility index (e.g. # females pregnant per # sperm positive females; # females pregnant per # females 
mated).  
Neurotoxicity: No information available.  
Mutagenicity: DNA Inhibition: Human, Lymphocyte = 220 mmol/L.; Cytogenetic Analysis: Human, Lymphocyte 
= 1160 gm/L.; Cytogenetic Analysis: Human, Fibroblast = 12000 ppm.; Cytogenetic Analysis: Human, Leukocyte = 
1 pph/72H (Continuous).; Sister Chromatid Exchange: Human, Lymphocyte = 500 ppm/72H (Continuous).  
Other Studies: Standard Draize Test(Skin, rabbit) = 20 mg/24H (Moderate) Standard Draize Test: Administration 
into the eye (rabbit) = 500 mg (Severe). </br. 
Section 12 - Ecological Information  
 
 
Ecotoxicity: Fish: Rainbow trout: LC50 = 12900-15300 mg/L; 96 Hr; Flow-through @ 24-24.3°CFish: Rainbow 
trout: LC50 = 11200 mg/L; 24 Hr; Fingerling (Unspecified)Bacteria: Phytobacterium phosphoreum: EC50 = 34900 
mg/L; 5-30 min; Microtox test When spilled on land it is apt to volatilize, biodegrade, and leach into the ground 
water, but no data on the rates of these processes could be found. Its fate in ground water is unknown. When 
released into water it will volatilize and probably biodegrade. It would not be expected to adsorb to sediment or 
bioconcentrate in fish.  
Environmental: When released to the atmosphere it will photodegrade in hours (polluted urban atmosphere) to an 
estimated range of 4 to 6 days in less polluted areas. Rainout should be significant.  
Physical: No information available.  
Other: No information available.  
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Section 13 - Disposal Considerations  
 
Chemical waste generators must determine whether a discarded chemical is classified as a hazardous waste. US EPA 
guidelines for the classification determination are listed in 40 CFR Parts 261.3. Additionally, waste generators must 
consult state and local hazardous waste regulations to ensure complete and accurate classification.  
RCRA P-Series: None listed.  
RCRA U-Series: None listed.  
Section 14 - Transport Information  
 
 
US DOT Canada TDG 













     CAS# 64-17-5 is listed on the TSCA inventory.  
Health & Safety Reporting List 
     None of the chemicals are on the Health & Safety Reporting List.  
Chemical Test Rules 
     None of the chemicals in this product are under a Chemical Test Rule.  
Section 12b 
     None of the chemicals are listed under TSCA Section 12b.  
TSCA Significant New Use Rule 
     None of the chemicals in this material have a SNUR under TSCA.  
CERCLA Hazardous Substances and corresponding RQs 
     None of the chemicals in this material have an RQ.  
SARA Section 302 Extremely Hazardous Substances 
     None of the chemicals in this product have a TPQ.  
SARA Codes 
     CAS # 64-17-5: acute, chronic, flammable.  
Section 313      No chemicals are reportable under Section 313.  
Clean Air Act: 
     This material does not contain any hazardous air pollutants.  
     This material does not contain any Class 1 Ozone depletors.  
     This material does not contain any Class 2 Ozone depletors.  
Clean Water Act: 
     None of the chemicals in this product are listed as Hazardous Substances under the CWA.  
  131 
 
     None of the chemicals in this product are listed as Priority Pollutants under the CWA.  
     None of the chemicals in this product are listed as Toxic Pollutants under the CWA.  
OSHA: 
     None of the chemicals in this product are considered highly hazardous by OSHA.  
STATE 
     CAS# 64-17-5 can be found on the following state right to know lists: California, New Jersey, Pennsylvania, 
Minnesota, Massachusetts.  
 
California Prop 65 
WARNING: This product contains Ethanol, a chemical known to the state of California to cause developmental 
reproductive toxicity.  
California No Significant Risk Level: None of the chemicals in this product are listed.  
 
European/International Regulations 
European Labeling in Accordance with EC Directives 
Hazard Symbols: 
     F  
Risk Phrases: 
     R 11 Highly flammable.  
 
Safety Phrases: 
     S 16 Keep away from sources of ignition - No smoking.  
     S 33 Take precautionary measures against static discharges.  
     S 7 Keep container tightly closed.  
     S 9 Keep container in a well-ventilated place.  
 
WGK (Water Danger/Protection) 
     CAS# 64-17-5: 0  
Canada - DSL/NDSL 
     CAS# 64-17-5 is listed on Canada's DSL List.  
Canada - WHMIS 
     This product has a WHMIS classification of B2, D2A.  
Canadian Ingredient Disclosure List 
     CAS# 64-17-5 is listed on the Canadian Ingredient Disclosure List. 
Section 16 - Additional Information  
 
MSDS Creation Date: 7/27/1999  
Revision #4 Date: 3/18/2003  
 
The information above is believed to be accurate and represents the best information currently available to us. However, we make no warranty of 
merchantability or any other warranty, express or implied, with respect to such information, and we assume no liability resulting from its use. Users 
should make their own investigations to determine the suitability of the information for their particular purposes. In no event shall Fisher be liable for any 
claims, losses, or damages of any third party or for lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever 
arising, even if Fisher has been advised of the possibility of such damages.  
 
Glycerin 
Material Safety Data Sheet 
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Glycerine  
ACC# 10440  
Section 1 - Chemical Product and Company Identification 
MSDS Name: Glycerine  
Catalog Numbers: S71228, S71229, S74606, S74606-1, BP229 1, BP229 4, BP229-1, BP229-4, BP2291, BP2294, 
G153 1, G153 4, G153-1, G153-4, G1531, G1534, G30 20, G30 200, G30 4, G31 1, G31 20, G31 4, G31 500, G31-
1, G31-20, G31-4, G31-500, G311, G3120, G31200, G314, G31500, G31500001, G31500LC, G33 1, G33 20, G33 
200, G33 4, G33 500, G33-1, G33-20, G33-200, G33-4, G33-500, G331, G3320, G33200, G3320LC, G334, 
G33500, G3420, G34200, G344, G3620, NC9484773, NC9508460, NC9520779, NC9807011, S746061, 
ZZG332015  
Synonyms: Glycerol; 1,2,3-Propanetriol; Glyceritol; Glycic Alcohol; 1,2,3-Trihydroxypropane; 1,2,3-Propanetriol  
Company Identification: 
              Fisher Scientific 
              1 Reagent Lane 
              Fair Lawn, NJ 07410  
For information, call: 201-796-7100  
Emergency Number: 201-796-7100  
For CHEMTREC assistance, call: 800-424-9300  
For International CHEMTREC assistance, call: 703-527-3887  
Section 2 - Composition, Information on Ingredients  
 
CAS# Chemical Name Percent EINECS/ELINCS 
56-81-5 Glycerine 100.0  200-289-5 
 
Hazard Symbols: None listed.  
Risk Phrases: None listed.  
Section 3 - Hazards Identification  
 
EMERGENCY OVERVIEW 
Appearance: clear. Caution! May cause eye and skin irritation. May cause respiratory and digestive tract irritation. 
This is expected to be a low hazard for usual industrial handling.  
Target Organs: None known.  
 
 
Potential Health Effects  
Eye: May cause eye irritation.  
Skin: May cause skin irritation. Low hazard for usual industrial handling.  
Ingestion: Ingestion of large amounts may cause gastrointestinal irritation. Low hazard for usual industrial 
handling. May cause headache.  
Inhalation: Low hazard for usual industrial handling. Inhalation of a mist of this material may cause respiratory 
tract irritation.  
Chronic: No information found.  
Section 4 - First Aid Measures  




Eyes: Flush eyes with plenty of water for at least 15 minutes, occasionally lifting the upper and lower eyelids. If 
irritation develops, get medical aid.  
Skin: Flush skin with plenty of soap and water for at least 15 minutes while removing contaminated clothing and 
shoes. Get medical aid if irritation develops or persists. Wash clothing before reuse.  
Ingestion: Never give anything by mouth to an unconscious person. Do NOT induce vomiting. If conscious and 
alert, rinse mouth and drink 2-4 cupfuls of milk or water. Get medical aid if irritation or symptoms occur.  
Inhalation: Remove from exposure to fresh air immediately. If not breathing, give artificial respiration. If breathing 
is difficult, give oxygen. Get medical aid if cough or other symptoms appear.  
Notes to Physician: Treat symptomatically and supportively.  
Section 5 - Fire Fighting Measures  
 
 
General Information: As in any fire, wear a self-contained breathing apparatus in pressure-demand, 
MSHA/NIOSH (approved or equivalent), and full protective gear. During a fire, irritating and highly toxic gases 
may be generated by thermal decomposition or combustion. Use water spray to keep fire-exposed containers cool. 
Vapors may be heavier than air. They can spread along the ground and collect in low or confined areas. Containers 
may explode when heated.  
Extinguishing Media: Use water spray to cool fire-exposed containers. Use agent most appropriate to extinguish 
fire. Use water spray, dry chemical, carbon dioxide, or appropriate foam.  
Section 6 - Accidental Release Measures  
 
 
General Information: Use proper personal protective equipment as indicated in Section 8.  
Spills/Leaks: Absorb spill with inert material (e.g. vermiculite, sand or earth), then place in suitable container. 
Avoid runoff into storm sewers and ditches which lead to waterways. Clean up spills immediately, observing 
precautions in the Protective Equipment section. Remove all sources of ignition. Provide ventilation.  
Section 7 - Handling and Storage  
 
 
Handling: Wash thoroughly after handling. Wash hands before eating. Use with adequate ventilation. Avoid contact 
with eyes, skin, and clothing. Keep container tightly closed. Avoid ingestion and inhalation. Wash clothing before 
reuse.  
Storage: Store in a tightly closed container. Store in a cool, dry, well-ventilated area away from incompatible 
substances. No special precautions indicated.  
Section 8 - Exposure Controls, Personal Protection  
 
 
Engineering Controls: Facilities storing or utilizing this material should be equipped with an eyewash facility and a 
safety shower. Use adequate ventilation to keep airborne concentrations low.  
Exposure Limits  
Chemical Name ACGIH NIOSH OSHA - Final PELs 
Glycerine 10 mg/m3 TWA 
no established RELs - see 
Appendix D 
15 mg/m3 TWA (total dust); 5 
mg/m3 TWA (respirable 
fraction) 
 
OSHA Vacated PELs: Glycerine: total dust: 10 mg/m3 TWA; respirable fraction: 5 mg/m3 TWA  
Personal Protective Equipment  
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Eyes: Wear appropriate protective eyeglasses or chemical safety goggles as described by OSHA's eye and face 
protection regulations in 29 CFR 1910.133 or European Standard EN166.  
Skin: Wear appropriate protective gloves to prevent skin exposure.  
Clothing: Wear appropriate protective clothing to minimize contact with skin.  
Respirators: Follow the OSHA respirator regulations found in 29CFR 1910.134 or European Standard EN 149. 
Always use a NIOSH or European Standard EN 149 approved respirator when necessary.  
Section 9 - Physical and Chemical Properties  
 
 
Physical State: Liquid  
Appearance: clear  
Odor: faint odor  
pH: Not available.  
Vapor Pressure: .0025 mm Hg @ 5  
Vapor Density: 3.17 (H2O=1)  
Evaporation Rate:Not available.  
Viscosity: Not available.  
Boiling Point: 290 deg C  
Freezing/Melting Point:20 deg F  
Autoignition Temperature: 400 deg C ( 752.00 deg F)  
Flash Point: 193 deg C ( 379.40 deg F)  
Decomposition Temperature:290 deg C  
NFPA Rating: (estimated) Health: 1; Flammability: 1; Reactivity: 0  
Explosion Limits, Lower:1.1  
Upper: Not available.  
Solubility: Miscible in water. Insol. in chloroform,  
Specific Gravity/Density:1.4746  
Molecular Formula:C3H8O3  
Molecular Weight:92.0542  
Section 10 - Stability and Reactivity  
 
 
Chemical Stability: Stable.  
Conditions to Avoid: Incompatible materials, ignition sources, excess heat.  
Incompatibilities with Other Materials: Not available.  
Hazardous Decomposition Products: Carbon monoxide, irritating and toxic fumes and gases, carbon dioxide.  
Hazardous Polymerization: Will not occur.  




CAS# 56-81-5: MA8050000  
LD50/LC50: 
CAS# 56-81-5: 
Draize test, rabbit, eye: 126 mg Mild; 
Draize test, rabbit, eye: 500 mg/24H Mild; 
Draize test, rabbit, skin: 500 mg/24H Mild; 
Inhalation, rat: LC50 = >570 mg/m3/1H; 
Oral, mouse: LD50 = 4090 mg/kg; 
Oral, rabbit: LD50 = 27 gm/kg; 
Oral, rat: LD50 = 12600 mg/kg; 
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Skin, rabbit: LD50 = >10 gm/kg;<br. 
 
Carcinogenicity: 
CAS# 56-81-5: Not listed by ACGIH, IARC, NIOSH, NTP, or OSHA.  
Epidemiology: No information available.  
Teratogenicity: No information available.  
Reproductive Effects: No information available.  
Neurotoxicity: No information available.  
Mutagenicity: No information available.  
Other Studies: No data available. </br. 
Section 12 - Ecological Information  
 
 
Ecotoxicity: No data available. Cas# 56-81-5:LC50 (96 Hr.) rainbow trout = 50-67 mg/L; 12 degrees CLC50 (96 
Hr.) goldfish = >5000 mg/L  
Environmental: No information available.  
Physical: No information available.  
Other: No information available.  
Section 13 - Disposal Considerations  
 
Chemical waste generators must determine whether a discarded chemical is classified as a hazardous waste. US EPA 
guidelines for the classification determination are listed in 40 CFR Parts 261.3. Additionally, waste generators must 
consult state and local hazardous waste regulations to ensure complete and accurate classification.  
RCRA P-Series: None listed.  
RCRA U-Series: None listed.  
Section 14 - Transport Information  
 
 










     
UN Number: 
     
Packing Group: 
     
 





CAS# 56-81-5 is listed on the TSCA inventory.  
Health & Safety Reporting List 
None of the chemicals are on the Health & Safety Reporting List.  
Chemical Test Rules 
None of the chemicals in this product are under a Chemical Test Rule.  
Section 12b 
None of the chemicals are listed under TSCA Section 12b.  
TSCA Significant New Use Rule 
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None of the chemicals in this material have a SNUR under TSCA.  
SARA 
 
Section 302 (RQ) 
None of the chemicals in this material have an RQ.  
Section 302 (TPQ) 
None of the chemicals in this product have a TPQ.  
SARA Codes 
CAS # 56-81-5: chronic.  
Section 313 
No chemicals are reportable under Section 313.  
Clean Air Act: 
This material does not contain any hazardous air pollutants. This material does not contain any Class 1 Ozone 
depletors. This material does not contain any Class 2 Ozone depletors.  
Clean Water Act: 
None of the chemicals in this product are listed as Hazardous Substances under the CWA. None of the chemicals in 
this product are listed as Priority Pollutants under the CWA. None of the chemicals in this product are listed as 
Toxic Pollutants under the CWA.  
OSHA: 
None of the chemicals in this product are considered highly hazardous by OSHA.  
STATE 
CAS# 56-81-5 can be found on the following state right to know lists: Pennsylvania, Minnesota, Massachusetts.  
California No Significant Risk Level: None of the chemicals in this product are listed. 
European/International Regulations 
European Labeling in Accordance with EC Directives 
Hazard Symbols: 





WGK (Water Danger/Protection) 
CAS# 56-81-5: 0  
Canada 
CAS# 56-81-5 is listed on Canada's DSL List. CAS# 56-81-5 is listed on Canada's DSL List.  
This product does not have a WHMIS classification.  
CAS# 56-81-5 is not listed on Canada's Ingredient Disclosure List.  
Exposure Limits 
CAS# 56-81-5: OEL-AUSTRALIA:TWA 10 mg/m3 OEL-BELGIUM:TWA 10 mg/m3  
OEL-FINLAND:TWA 20 mg/m3 OEL-FRANCE:TWA 10 mg/m3 OEL-THE NETHERLANDS 
:TWA 10 mg/m3 OEL-UNITED KINGDOM:TWA 10 mg/m3 OEL IN BULGARIA, COLOM 
BIA, JORDAN, KOREA check ACGIH TLV OEL IN NEW ZEALAND, SINGAPORE, VIE 
TNAM check ACGI TLV  
Section 16 - Additional Information  
 
MSDS Creation Date: 7/20/1999  
Revision #2 Date: 8/02/2000  
The information above is believed to be accurate and represents the best information currently available to us. However, we make no warranty of 
merchantability or any other warranty, express or implied, with respect to such information, and we assume no liability resulting from its use. Users 
should make their own investigations to determine the suitability of the information for their particular purposes. In no event shall Fisher be liable for any 
claims, losses, or damages of any third party or for lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever 
arising, even if Fisher has been advised of the possibility of such damages.  
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Material Safety Data Sheet 
Methanol 
ACC# 14280  
Section 1 - Chemical Product and Company Identification 
MSDS Name: Methanol  
Catalog Numbers: AC167830000, AC167830025, AC167835000, AC176840000, AC176840010, AC176840025, 
AC176840250, AC176845000, AC177150000, AC177150050, AC177150051, AC177150250, AC177150251, 
AC268280000, AC268280010, AC325740000, AC325740010, AC325740025, AC326630000, AC326630010, 
AC326630025, AC326950000, AC326950010, AC326951000, AC326952500, AC327900000, AC327900010, 
AC364390000, AC364390010, AC364391000, AC364395000, AC413770000, AC413770040, AC423950000, 
AC610200040, AC61040019, AC61040050, AC61040050, AC61040115, AC61040115, AC61040200, 
AC611070040, AC615130025, 17715-0010, 17715-0025, 19123467, 26828-0025, 41377-5000, 42395-0010, 42395-
0040, 42395-0200, 42395-5000, 61009-0040, 61040-0010, 61040-1000, 61098-1000, A408-1, A408-4, A408-4LC, 
A408SK-4, A411-20, A411-4, A412-1, A412-20, A412-200, A412-200LC, A412-4, A412-4LC, A412-500, 
A412200-001, A412CU-1300, A412FB-200, A412FB115, A412FB19, A412FB50, A412P-4, A412POP19, 
A412POPB-200, A412RB-200, A412RB-50, A412RB115, A412RS-200, A412RS115, A412RS19, A412RS28, 
A412RS50, A412SK-4, A412SS-115, A413-20, A413-200, A413-4, A413-500, A433P-4, A433S-20, A433S-200, 
A433S-4, A434-20, A450-4, A452-1, A452-4, A452-4LC, A452N1-19, A452N2-19, A452POP-200, A452POP50, 
A452RS-115, A452RS-19, A452RS-200, A452RS-28, A452RS-50, A452SK-1, A452SK-4, A452SS-19, A452SS-
200, A452SS-28, A452SS-50, A453-1, A453-1LC, A453-500, A454-1, A454-4, A454-4LC, A454RS-115, A454RS-
200, A454RS-28, A454SK-4, A454SS-200, A454SS-28, A455-1, A456-1, A456-4, A457-4, A4574LC, A935-4, 
A935RB-200, A947-4, A947-4LC, A947POP-200, A947RS-115, A947RS-200, A947RS-28, A947SS-115, 
A947SS-200, A947SS-28, A947SS-50, BP1105-1, BP1105-4, BP1105SS19, BP1105SS28, HC4001GAL, 
NC9173853, NC9386568, NC9433033, NC9433739, NC9514454, NC9516446, NC9535777, NC9541632, 
NC9598497, NC9620421, NC9942270, S75965HPLC, SC95-1, SW2-1, TIA947-4, TIA947P-200L  
Synonyms: Carbinol; Methyl alcohol; Methyl hydroxide; Monohydroxymethane; Wood alcohol; Wood naptha; 
Wood spirits; Columbian spirits; Methanol.  
Company Identification: 
              Fisher Scientific 
              1 Reagent Lane 
              Fair Lawn, NJ 07410  
For information, call: 201-796-7100  
Emergency Number: 201-796-7100  
For CHEMTREC assistance, call: 800-424-9300  
For International CHEMTREC assistance, call: 703-527-3887  
Section 2 - Composition, Information on Ingredients  
 
CAS# Chemical Name Percent EINECS/ELINCS 
67-56-1 Methanol > 99  200-659-6 
 
Section 3 - Hazards Identification  




Appearance: APHA: 10 max clear liquid. Flash Point: 12 deg C. 
Danger! Poison! May be fatal or cause blindness if swallowed. Vapor harmful. Flammable liquid and vapor. 
Harmful if swallowed, inhaled, or absorbed through the skin. Causes eye, skin, and respiratory tract irritation. May 
cause central nervous system depression. Cannot be made non-poisonous.  
Target Organs: Eyes, nervous system, optic nerve.  
 
 
Potential Health Effects  
Eye: May cause painful sensitization to light. Methanol is a mild to moderate eye irritant. Inhalation, ingestion or 
skin absorption of methanol can cause significant disturbances in vision, including blindness.  
Skin: Causes moderate skin irritation. May be absorbed through the skin in harmful amounts. Prolonged and/or 
repeated contact may cause defatting of the skin and dermatitis. Methanol can be absorbed through the skin, 
producing systemic effects that include visual disturbances.  
Ingestion: May be fatal or cause blindness if swallowed. Aspiration hazard. Cannot be made non-poisonous. May 
cause gastrointestinal irritation with nausea, vomiting and diarrhea. May cause systemic toxicity with acidosis. May 
cause central nervous system depression, characterized by excitement, followed by headache, dizziness, drowsiness, 
and nausea. Advanced stages may cause collapse, unconsciousness, coma and possible death due to respiratory 
failure. May cause cardiopulmonary system effects.  
Inhalation: Methanol is toxic and can very readily form extremely high vapor concentrations at room temperature. 
Inhalation is the most common route of occupational exposure. At first, methanol causes CNS depression with 
nausea, headache, vomiting, dizziness and incoordination. A time period with no obvious symptoms follows 
(typically 8-24 hrs). This latent period is followed by metabolic acidosis and severe visual effects which may 
include reduced reactivity and/or increased sensitivity to light, blurred, doubl and/or snowy vision, and blindness. 
Depending on the severity of exposure and the promptness of treatment, survivors may recover completely or may 
have permanent blindness, vision disturbances and/or nervous system effects.  
Chronic: Prolonged or repeated skin contact may cause dermatitis. Chronic exposure may cause effects similar to 
those of acute exposure. Methanol is only very slowly eliminated from the body. Because of this slow elimination, 
methanol should be regarded as a cumulative poison. Though a single exposure may cause no effect, daily exposures 
may result in the accumulation of a harmful amount. Methanol has produced fetotoxicity in rats and teratogenicity in 
mice exposed by inhalation to high concentrations that did not produce significant maternal toxicity.  
Section 4 - First Aid Measures  
 
 
Eyes: In case of contact, immediately flush eyes with plenty of water for a t least 15 minutes. Get medical aid.  
Skin: In case of contact, immediately flush skin with plenty of water for at least 15 minutes while removing 
contaminated clothing and shoes. Get medical aid immediately. Wash clothing before reuse.  
Ingestion: Potential for aspiration if swallowed. Get medical aid immediately. Do not induce vomiting unless 
directed to do so by medical personnel. Never give anything by mouth to an unconscious person. If vomiting occurs 
naturally, have victim lean forward.  
Inhalation: If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give 
oxygen. Get medical aid.  
Notes to Physician: Effects may be delayed.  
Antidote: Ethanol may inhibit methanol metabolism.  
Section 5 - Fire Fighting Measures  




General Information: Ethanol may inhibit methanol metabolism. As in any fire, wear a self-contained breathing 
apparatus in pressure-demand, MSHA/NIOSH (approved or equivalent), and full protective gear. During a fire, 
irritating and highly toxic gases may be generated by thermal decomposition or combustion. Use water spray to keep 
fire-exposed containers cool. Water may be ineffective. Material is lighter than water and a fire may be spread by 
the use of water. Vapors are heavier than air and may travel to a source of ignition and flash back. Vapors can 
spread along the ground and collect in low or confined areas.  
Extinguishing Media: For small fires, use dry chemical, carbon dioxide, water spray or alcohol-resistant foam. 
Water may be ineffective. For large fires, use water spray, fog or alcohol-resistant foam. Do NOT use straight 
streams of water.  
Flash Point: 12 deg C ( 53.60 deg F)  
Autoignition Temperature: 455 deg C ( 851.00 deg F)  
Explosion Limits, Lower:6.0 vol %  
Upper: 31.00 vol %  
NFPA Rating: (estimated) Health: 1; Flammability: 3; Instability: 0  
Section 6 - Accidental Release Measures  
 
 
General Information: Use proper personal protective equipment as indicated in Section 8.  
Spills/Leaks: Use water spray to disperse the gas/vapor. Remove all sources of ignition. Absorb spill using an 
absorbent, non-combustible material such as earth, sand, or vermiculite. Do not use combustible materials such as 
sawdust. Use a spark-proof tool. Provide ventilation. A vapor suppressing foam may be used to reduce vapors. 
Water spray may reduce vapor but may not prevent ignition in closed spaces.  
Section 7 - Handling and Storage  
 
 
Handling: Wash thoroughly after handling. Remove contaminated clothing and wash before reuse. Ground and 
bond containers when transferring material. Use spark-proof tools and explosion proof equipment. Avoid contact 
with eyes, skin, and clothing. Empty containers retain product residue, (liquid and/or vapor), and can be dangerous. 
Keep container tightly closed. Do not ingest or inhale. Do not pressurize, cut, weld, braze, solder, drill, grind, or 
expose empty containers to heat, sparks or open flames. Use only with adequate ventilation. Keep away from heat, 
sparks and flame. Avoid use in confined spaces.  
Storage: Keep away from heat, sparks, and flame. Keep away from sources of ignition. Store in a cool, dry, well-
ventilated area away from incompatible substances. Flammables-area. Keep containers tightly closed.  
Section 8 - Exposure Controls, Personal Protection  
 
 
Engineering Controls: Use explosion-proof ventilation equipment. Facilities storing or utilizing this material 
should be equipped with an eyewash facility and a safety shower. Use adequate general or local exhaust ventilation 
to keep airborne concentrations below the permissible exposure limits.  
Exposure Limits  
Chemical Name ACGIH NIOSH OSHA - Final PELs 
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Methanol  
200 ppm TWA; 250 ppm 
STEL; Skin - potential 
significant contribution to 
overall exposure by the 
cutaneous r oute  
200 ppm TWA; 260 mg/m3 
TWA 6000 ppm IDLH  
200 ppm TWA; 260 mg/m3 
TWA  
 
OSHA Vacated PELs: Methanol: 200 ppm TWA; 260 mg/m3 TWA  
Personal Protective Equipment  
Eyes: Wear chemical splash goggles.  
Skin: Wear butyl rubber gloves, apron, and/or clothing.  
Clothing: Wear appropriate protective clothing to prevent skin exposure.  
Respirators: Follow the OSHA respirator regulations found in 29 CFR 1910.134 or European Standard EN 149. 
Use a NIOSH/MSHA or European Standard EN 149 approved respirator if exposure limits are exceeded or if 
irritation or other symptoms are experienced.  
Section 9 - Physical and Chemical Properties  
 
 
Physical State: Clear liquid  
Appearance: clear, colorless - APHA: 10 max  
Odor: alcohol-like - weak odor  
pH: Not available.  
Vapor Pressure: 128 mm Hg @ 20 deg C  
Vapor Density: 1.11 (Air=1)  
Evaporation Rate:5.2 (Ether=1)  
Viscosity: 0.55 cP 20 deg C  
Boiling Point: 64.7 deg C @ 760 mmHg  
Freezing/Melting Point:-98 deg C  
Decomposition Temperature:Not available.  
Solubility: miscible  
Specific Gravity/Density:.7910 g/cm3 @ 20°C  
Molecular Formula:CH4O  
Molecular Weight:32.04  
Section 10 - Stability and Reactivity  
 
 
Chemical Stability: Stable under normal temperatures and pressures.  
Conditions to Avoid: High temperatures, ignition sources, confined spaces.  
Incompatibilities with Other Materials: Oxidizing agents, reducing agents, acids, alkali metals, potassium, 
sodium, metals as powders (e.g. hafnium, raney nickel), acid anhydrides, acid chlorides, powdered aluminum, 
powdered magnesium.  
Hazardous Decomposition Products: Carbon monoxide, carbon dioxide, formaldehyde.  
Hazardous Polymerization: Will not occur.  
Section 11 - Toxicological Information  




RTECS#:       
CAS# 67-56-1: PC1400000  
LD50/LC50: 
CAS# 67-56-1: 
     Draize test, rabbit, eye: 40 mg Moderate; 
     Draize test, rabbit, eye: 100 mg/24H Moderate; 
     Draize test, rabbit, skin: 20 mg/24H Moderate; 
     Inhalation, rabbit: LC50 = 81000 mg/m3/14H; 
     Inhalation, rat: LC50 = 64000 ppm/4H; 
     Oral, mouse: LD50 = 7300 mg/kg; 
     Oral, rabbit: LD50 = 14200 mg/kg; 
     Oral, rat: LD50 = 5600 mg/kg; 
     Skin, rabbit: LD50 = 15800 mg/kg; 
. 
Human LDLo Oral: 143 mg/kg; Human LDLo Oral: 428 mg/kg; Human TCLo Inhalation; 300 ppm caused visual 
field changes & headache; Monkey LDLo Skin: 393 mg/kg. Methanol is significantly less toxic to most 
experimental animals than humans, because most animal species metabolize methanol differently. Non-primate 
species do not ordinarily show symptoms of metabolic acidosis or the visual effects which have been observed in 
primates and humans.  
Carcinogenicity: 
CAS# 67-56-1: Not listed by ACGIH, IARC, NTP, or CA Prop 65. 
 
Epidemiology: No information found  
Teratogenicity: There is no human information available. Methanol is considered to be a potential developmental 
hazard based on animal data. In animal experiments, methanol has caused fetotoxic or teratogenic effects without 
maternal toxicity.  
Reproductive Effects: See actual entry in RTECS for complete information.  
Mutagenicity: See actual entry in RTECS for complete information.  
Neurotoxicity: ACGIH cites neuropathy, vision and CNS under TLV basis.  
Other Studies:  
Section 12 - Ecological Information  
 
 
Ecotoxicity: Fish: Fathead Minnow: 29.4 g/L; 96 Hr; LC50 (unspecified)Fish: Goldfish: 250 ppm; 11 Hr; resulted 
in deathFish: Rainbow trout: 8000 mg/L; 48 Hr; LC50 (unspecified)Fish: Rainbow trout: LC50 = 13-68 mg/L; 96 
Hr.; 12 degrees CFish: Fathead Minnow: LC50 = 29400 mg/L; 96 Hr.; 25 degrees C, pH 7.63Fish: Rainbow trout: 
LC50 = 8000 mg/L; 48 Hr.; UnspecifiedBacteria: Phytobacterium phosphoreum: EC50 = 51,000-320,000 mg/L; 30 
minutes; Microtox test No data available.  
Environmental: Dangerous to aquatic life in high concentrations. Aquatic toxicity rating: TLm 96>1000 ppm. May 
be dangerous if it enters water intakes. Methyl alcohol is expected to biodegrade in soil and water very rapidly. This 
product will show high soil mobility and will be degraded from the ambient atmosphere by the reaction with 
photochemically produced hyroxyl radicals with an estimated half-life of 17.8 days. Bioconcentration factor for fish 
(golden ide) < 10. Based on a log Kow of -0.77, the BCF value for methanol can be estimated to be 0.2.  
Physical: No information available.  
Other: No information available.  
Section 13 - Disposal Considerations  
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Chemical waste generators must determine whether a discarded chemical is classified as a hazardous waste. US EPA 
guidelines for the classification determination are listed in 40 CFR Parts 261.3. Additionally, waste generators must 
consult state and local hazardous waste regulations to ensure complete and accurate classification.  
RCRA P-Series: None listed.  
RCRA U-Series: 
CAS# 67-56-1: waste number U154 (Ignitable waste).  
Section 14 - Transport Information  
 
 
US DOT Canada TDG 
Shipping Name: METHANOL METHANOL 
Hazard Class: 3 3 
UN Number: UN1230 UN1230 
Packing Group: II II 
Additional Info: 
 
FLASHPOINT 11 C 
 





     CAS# 67-56-1 is listed on the TSCA inventory.  
Health & Safety Reporting List 
     None of the chemicals are on the Health & Safety Reporting List.  
Chemical Test Rules 
     None of the chemicals in this product are under a Chemical Test Rule.  
Section 12b 
     None of the chemicals are listed under TSCA Section 12b.  
TSCA Significant New Use Rule 
     None of the chemicals in this material have a SNUR under TSCA.  
CERCLA Hazardous Substances and corresponding RQs 
     CAS# 67-56-1: 5000 lb final RQ; 2270 kg final RQ  
SARA Section 302 Extremely Hazardous Substances 
     None of the chemicals in this product have a TPQ.  
SARA Codes 
     CAS # 67-56-1: immediate, fire.  
Section 313  
     This material contains Methanol (CAS# 67-56-1, > 99%),which is subject to the reporting requirements of 
Section 313 of SARA Title III and 40 CFR Part 373.  
Clean Air Act: 
     CAS# 67-56-1 is listed as a hazardous air pollutant (HAP).  
     This material does not contain any Class 1 Ozone depletors.  
     This material does not contain any Class 2 Ozone depletors.  
Clean Water Act: 
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     None of the chemicals in this product are listed as Hazardous Substances under the CWA.  
     None of the chemicals in this product are listed as Priority Pollutants under the CWA.  
     None of the chemicals in this product are listed as Toxic Pollutants under the CWA.  
OSHA: 
     None of the chemicals in this product are considered highly hazardous by OSHA.  
STATE 
     CAS# 67-56-1 can be found on the following state right to know lists: California, New Jersey, Pennsylvania, 
Minnesota, Massachusetts.  
 
California Prop 65 
 
California No Significant Risk Level: None of the chemicals in this product are listed.  
 
European/International Regulations 
European Labeling in Accordance with EC Directives 
Hazard Symbols: 
     T F  
Risk Phrases: 
     R 11 Highly flammable.  
     R 23/24/25 Toxic by inhalation, in contact with skin and if  
     swallowed.  
     R 39/23/24/25 Toxic : danger of very serious irreversible effects  
     through inhalation, in contact with skin and if swallowed.  
 
Safety Phrases: 
     S 16 Keep away from sources of ignition - No smoking.  
     S 36/37 Wear suitable protective clothing and gloves.  
     S 45 In case of accident or if you feel unwell, seek medical advice  
     immediately (show the label where possible).  
     S 7 Keep container tightly closed.  
 
WGK (Water Danger/Protection) 
     CAS# 67-56-1: 1  
Canada - DSL/NDSL 
     CAS# 67-56-1 is listed on Canada's DSL List.  
Canada - WHMIS 
     This product has a WHMIS classification of B2, D1B, D2B.  
This product has been classified in accordance with the hazard criteria of the Controlled Products Regulations and 
the MSDS contains all of the information required by those regulations.  
Canadian Ingredient Disclosure List 
     CAS# 67-56-1 is listed on the Canadian Ingredient Disclosure List. 
Section 16 - Additional Information  
 
MSDS Creation Date: 7/21/1999  
Revision #17 Date: 2/11/2008  
 
The information above is believed to be accurate and represents the best information currently available to us. However, we make no warranty of 
merchantability or any other warranty, express or implied, with respect to such information, and we assume no liability resulting from its use. Users 
should make their own investigations to determine the suitability of the information for their particular purposes. In no event shall Fisher be liable for any 
claims, losses, or damages of any third party or for lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever 
arising, even if Fisher has been advised of the possibility of such damages.  
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Methyl Esters (Biodiesel)  
Revision: 001 Issued: June 30, 2006 
Page 1 of 5 
MATERIAL SAFETY DATA SHEET 
1. CHEMICAL PRODUCT AND COMPANY IDENTIFICATION 
Product Identification 
General Product Name: Biodiesel 
Product Description: Blend 
Synonyms: Methyl Soyate, Rapeseed Methyl Ester, Methyl Tallowate, Fatty Acid Methyl 
Ester, Vegetable Oil Methyl Ester, Methyl Ester, Palm Kernel Oil Methyl Ester 
CAS Numbers: Methyl Soyate: 67784-80-9 
Rapeseed Methyl Ester: 73891-99-3 
Methyl Tallowate: 61788-71-2 
Vegetable Fatty Acid Methyl Ester: 68990-52-3 
C14-18 & C16-18 
Unsaturated Alkylcarboxylic Acid Methyl Ester: 67762-26-9 
Palm Kernel Fatty Acid Methyl Ester: 91051-32-0 
Fatty acids, C8-C18, methyl ester: 68937-84-8 
Methyl Laurate: 111-82-0 
Methyl Myristate: 124-10-7 
Methyl Oleate: 112-62-9 
Methyl Palmitate: 112-39-0 
Methyl Caprate: 110-42-9 
Methyl Stearate: 112-61-8 
Methyl Caprylate: 111-11-5 
Company Information 
Organic Fuels, LTD 
One Riverway, Suite 2053 
Houston, TX 77056 
USA 
Product Information: (713) 979-2600 Fax: (713) 456-2151 
2. COMPOSITION/INFORMATION ON INGREDIENTS 
This product may contain 0%-100% of the Product identified above. This product 
contains no hazardous materials. 
3. HAZARDS IDENTIFICATION 
Potential Health Effects: 
EYE CONTACT: 
May cause eye irritation. 
INHALATION: 
Negligible at ambient temperature. Vapors produced by heating, or finely misted 
materials may irritate the mucous membranes and cause dizziness, and nausea. 
SKIN CONTACT: 
Prolonged or repeated contact is not likely to cause significant skin irritation. Thermal 
burns are possible on contact with material at elevated temperatures. 
INGESTION: 
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No hazards are anticipated from ingestion incidental to industrial exposure. 
4. FIRST AID MEASURES 
EYES: 
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After initial flush, remove any contact lenses, and continue to flush eyes with water for 
at least 15 to 20 minutes. Seek medical attention if irritation develops or persists. 
INHALATION: 
Remove to fresh air. Seek medical attention if symptoms persist. 
SKIN: 
Wash affected areas of the body with soap and water. 
INGESTION: 
Give one or two glasses of water to drink. If gastro-intestinal symptoms develop, consult 
medical personnel. (Note: Never give anything by mouth to an unconscious person.) 
5. FIRE FIGHTING MEASURES 
Flammable Properties: 
Flash Point (Method Used): 130.0° C min (ASTM 93) 
Auto-ignition Temperature: N/A 




Dry chemical, foam, halon, carbon dioxide, water spray (fog). Note: Water stream may 
splash the burning liquid and spread fire. 
Special Fire Fighting Procedures: 
Use water spray to cool drums exposed to fire. 
Unusual Fire and explosion Hazards: 
Oil soaked rags can cause spontaneous combustion if not handled properly. Before 
disposal, wash rags with soap and water and dry in well ventilated area. 
Fire Fighting Instructions: 
Evacuate non-emergency personnel to a safe area. Firefighters should use self-contained 
breathing apparatus to avoid exposure to smoke and vapor. 
6. ACCIDENTAL RELEASE MEASURES SPILL CLEAN-UP PROCEDURES 
Remove sources of ignition, contain spill to smallest area possible. Stop leak if possible. 
Pick up small spills with absorbent materials such as paper towels, "Oil Dry", sand or 
dirt. 
Recover large spills for salvage or disposal. Wash hard surfaces with safety solvent or 
detergent to remove remaining oil film. Greasy nature will result in a slippery surface. 
7. HANDLING AND STORAGE 
Store in closed containers at temperatures between 50°F and 120°F, and keep away 
from oxidizing agents, excessive heat, and ignition sources. Store and use in well 
ventilated areas. Do not store or use near heat, spark, or flame. Store out of the sun. 
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Do not puncture, drag, or slide container. Drum is not a pressure vessel; never use 
pressure to empty. 
Only use hoses and gaskets that are made of fluorinated polyethylene, fluorinated 
polypropylene, Teflon, Teflon lined, or Viton®. Use of nitrile, natural rubber, or Buna-N 
type rubbers, which are commonly found in fuel systems, is only allowed for blends of 
petroleum diesel with concentrations of biodiesel below 20%. 
For blends higher than 20% biodiesel only steel, mild steel, stainless steel, aluminum, 
fluorinated polyethylene fluorinated polypropylene and fiberglass vessels are 
recommended. Use of tanks or lines made of brass, bronze, and copper or lead, tin, and 
zinc (i.e. galvanized) may cause sediment formation and filter clogging and are not 
recommended. 
8. EXPOSURE CONTROL /PERSONAL PROTECTION 
ENGINEERING CONTROLS: 
Use only with adequate ventilation. Facilities storing or utilizing this material should be 
equipped with an eyewash facility and safety shower. 
RESPIRATORY PROTECTION: 
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If vapors or mists are generated, wear a NIOSH approved organic vapor/mist respirator. 
PROTECTIVE CLOTHING: 
Safety glasses, goggles, or face shield recommended to protect eyes from mists or 
splashing. PVC coated gloves recommended to prevent skin contact. 
OTHER PROTECTIVE MEASURES: 
Employees must practice good personal hygiene, washing exposed areas of skin several 
times daily and laundering contaminated clothing before re-use. 
9. PHYSICAL AND CHEMICAL PROPERTIES 
Appearance: Pale Yellow Liquid with slight solvent smell 
Odor: Mild 
Boiling Point: >200°C 
Vapor Pressure: <2 mm Hg: 
Vapor Density: >1 (Air=1) 
Solubility in Water: Insoluble 
Specific Gravity: 0.88 (Water=1) 
% Volatiles: <2% by Volume 
Evaporation Rate: <1 (Butyl Acetate=1) 
10. STABILITY AND REACTIVITY 
GENERAL: 
This product is stable and hazardous polymerization will not occur. 
INCOMPATIBLE MATERIALS AND CONDITIONS TO AVOID: 
Avoid contact with strong oxidizing agents 
HAZARDOUS DECOMPOSITION PRODUCT: 
Combustion produces carbon monoxide and carbon dioxide along with 
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thick smoke. 
11. DISPOSAL CONSIDERATIONS 
WASTE DISPOSAL: 
Waste may be disposed of by a licensed waste disposal company. Contaminated 
absorbent material may be disposed of in an approved landfill. Follow local, state and 
federal disposal regulations. 
12. TRANSPORT INFORMATION 
UN HAZARD CLASS: N/A 
This product is not regulated by the U.S. department of Transportation (DOT) 
NMFC (National Motor Freight Classification): 
PROPER SHIPPING NAME: Fatty acid ester 
IDENTIFICATION NUMBER: 144920 
SHIPPING CLASSIFICATION: 65 
13. REGULATORY INFORMATION: 
OSHA STATUS: 
This product is not hazardous under the criteria of the Federal OSHA Hazard 
Communication Standard 29 CFR 1910.1200. However, thermal processing and 
decomposition fumes from this product may be hazardous as noted in Sections 2 and 3. 
TSCA STATUS: 
This product is listed on TSCA. 
CERCLA (Comprehensive Response Compensation and Liability Act): 
NOT reportable. 
SARA TITLE III (Superfund Amendments and Reauthorization Act): 
Not Extremely Hazardous Substances under Section 312 
Non-hazardous under Section 311/312 
Not a Toxic Chemical under Section 313 
RCRA STATUS: 
If discarded in its purchased form, this product would not be a hazardous waste either 
by listing or by characteristic. However, under RCRA, it is the responsibility of the 
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product user to determine at the time of disposal, whether a material containing the 
product or derived from the product should be classified as a hazardous waste, 
(40 CFR 261.20-24) 
CALIFORNIA PROPOSITION 65: 
The following statement is made in order to comply with the California Safe Drinking 
Water and Toxic Enforcement Act of 1986. This product contains no chemicals known to 
the state of California to cause cancer. 
14. OTHER INFORMATION: 
This information relates only to the specific material designated and may not be valid for 
such material used in combination with any other materials or in any other process. 
Such information is to the best of the company’s knowledge and believed accurate and 
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reliable as of the date indicated. However, no representation, warranty or guarantee of 
any kind, express or implied, is made as to its accuracy, reliability or completeness and 
we assume no responsibility for any loss, damage or expense, direct or consequential, 
arising out of use. It is the user’s responsibility to satisfy himself as to the suitableness 
and completeness of such information for his own particular use. 
 
Potassium Hydroxide 
Material Safety Data Sheet 
Potassium Hydroxide  
ACC# 19431  
Section 1 - Chemical Product and Company Identification 
MSDS Name: Potassium Hydroxide  
Catalog Numbers: S71978, S71979, S71979-1, S71979-2, P246-3, P250-1, P250-10, P250-3, P250-50, P250-500, 
P250-50LC, P251-3, P251-50, P251-500, P251-50KG, P25812, P258212, P25850, P25850LC, PFP25050LC, 
S71977, S72221D  
Synonyms: Caustic potash, Lye, Potassium hydrate  
Company Identification: 
              Fisher Scientific 
              1 Reagent Lane 
              Fair Lawn, NJ 07410  
For information, call: 201-796-7100  
Emergency Number: 201-796-7100  
For CHEMTREC assistance, call: 800-424-9300  
For International CHEMTREC assistance, call: 703-527-3887  
Section 2 - Composition, Information on Ingredients  
 
CAS# Chemical Name Percent EINECS/ELINCS 
1310-58-3 Potassium hydroxide (KOH) 100.0  215-181-3 
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Hazard Symbols: C  
Risk Phrases: 22 35  
Section 3 - Hazards Identification  
 
EMERGENCY OVERVIEW 
Appearance: white or yellow. Danger! Corrosive. Water-Reactive. Harmful if swallowed. Causes severe eye and 
skin burns. Causes severe digestive and respiratory tract burns.  
Target Organs: None.  
 
 
Potential Health Effects  
Eye: Causes severe eye burns. May cause irreversible eye injury. Contact may cause ulceration of the conjunctiva 
and cornea. Eye damage may be delayed.  
Skin: Causes skin burns. May cause deep, penetrating ulcers of the skin.  
Ingestion: Harmful if swallowed. May cause circulatory system failure. May cause perforation of the digestive tract. 
Causes severe digestive tract burns with abdominal pain, vomiting, and possible death.  
Inhalation: Harmful if inhaled. Irritation may lead to chemical pneumonitis and pulmonary edema. Causes severe 
irritation of upper respiratory tract with coughing, burns, breathing difficulty, and possible coma.  
Chronic: Prolonged or repeated skin contact may cause dermatitis. Prolonged or repeated eye contact may cause 
conjunctivitis.  
Section 4 - First Aid Measures  
 
 
Eyes: Immediately flush eyes with plenty of water for at least 15 minutes, occasionally lifting the upper and lower 
eyelids. Get medical aid immediately.  
Skin: Get medical aid immediately. Immediately flush skin with plenty of soap and water for at least 15 minutes 
while removing contaminated clothing and shoes. Discard contaminated clothing in a manner which limits further 
exposure.  
Ingestion: Do NOT induce vomiting. If victim is conscious and alert, give 2-4 cupfuls of milk or water. Never give 
anything by mouth to an unconscious person. Get medical aid immediately.  
Inhalation: Get medical aid immediately. Remove from exposure to fresh air immediately. If breathing is difficult, 
give oxygen. If breathing has ceased apply artificial respiration using oxygen and a suitable mechanical device such 
as a bag and a mask.  
Notes to Physician: Treat symptomatically and supportively.  
Section 5 - Fire Fighting Measures  
 
 
General Information: As in any fire, wear a self-contained breathing apparatus in pressure-demand, 
MSHA/NIOSH (approved or equivalent), and full protective gear. Use water with caution and in flooding amounts. 
Contact with moisture or water may generate sufficient heat to ignite nearby combustible materials.  
Extinguishing Media: For small fires, use dry chemical, carbon dioxide, water spray or alcohol-resistant foam.  
Section 6 - Accidental Release Measures  
 
 
General Information: Use proper personal protective equipment as indicated in Section 8.  
  149 
 
Spills/Leaks: Vacuum or sweep up material and place into a suitable disposal container. Avoid generating dusty 
conditions.  
Section 7 - Handling and Storage  
 
 
Handling: Wash thoroughly after handling. Use with adequate ventilation. Do not allow water to get into the 
container because of violent reaction. Do not get in eyes, on skin, or on clothing. Do not ingest or inhale.  
Storage: Store in a tightly closed container. Store in a cool, dry, well-ventilated area away from incompatible 
substances. Keep away from strong acids. Keep away from water. Keep away from metals. Keep away from 
flammable liquids. Keep away from organic halogens.  
Section 8 - Exposure Controls, Personal Protection  
 
 
Engineering Controls: Use adequate general or local exhaust ventilation to keep airborne concentrations below the 
permissible exposure limits.  
Exposure Limits  
Chemical Name ACGIH NIOSH OSHA - Final PELs 
Potassium hydroxide (KOH) C 2 mg/m3 none listed none listed 
 
OSHA Vacated PELs: Potassium hydroxide (KOH): C 2 mg/m3  
Personal Protective Equipment  
Eyes: Wear safety glasses and chemical goggles or face shield if handling liquids.  
Skin: Wear appropriate gloves to prevent skin exposure.  
Clothing: Wear appropriate protective clothing to prevent skin exposure.  
Respirators: Follow the OSHA respirator regulations found in 29CFR 1910.134 or European Standard EN 149. 
Always use a NIOSH or European Standard EN 149 approved respirator when necessary.  
Section 9 - Physical and Chemical Properties  
 
 
Physical State: Solid  
Appearance: white or yellow  
Odor: odorless  
pH: 13.5 (0.1M solution)  
Vapor Pressure: Not available.  
Vapor Density: Not available.  
Evaporation Rate:Not available.  
Viscosity: Not available.  
Boiling Point: 2408 deg F  
Freezing/Melting Point:680 deg F  
Autoignition Temperature: Not applicable.  
Flash Point: Not applicable.  
Decomposition Temperature:Not available.  
NFPA Rating: (estimated) Health: 3; Flammability: 0; Reactivity: 1  
Explosion Limits, Lower:Not available.  
Upper: Not available.  
Solubility: Soluble in water  
Specific Gravity/Density:2.04  
Molecular Formula:KOH  
Molecular Weight:56.1047  
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Section 10 - Stability and Reactivity  
 
 
Chemical Stability: Stable. Readily absorbs carbon dioxide and moisture from the air and deliquesces.  
Conditions to Avoid: Incompatible materials, moisture, contact with water, acids, metals.  
Incompatibilities with Other Materials: Generates large amounts of heat when in contact with water and may 
steam and splatter. Reacts with chlorine dioxide, nitrobenzene, nitromethane, nitrogen trichloride, peroxidized 
tetrahydrofuran, 2,4,6-trinitrotoluene, bromoform+ crown ethers, acids alcohols, sugars, germanium 
cyclopentadiene, maleic dicarbide. Corrosive to metals such as aluminum, tin, and zinc to cause formation of 
flammable hydrogen gas.  
Hazardous Decomposition Products: Oxides of potassium.  
Hazardous Polymerization: Has not been reported.  




CAS# 1310-58-3: TT2100000  
LD50/LC50: 
CAS# 1310-58-3: 
Draize test, rabbit, skin: 50 mg/24H Severe; 
Oral, rat: LD50 = 273 mg/kg;<br. 
 
Carcinogenicity: 
CAS# 1310-58-3: Not listed by ACGIH, IARC, NIOSH, NTP, or OSHA.  
Epidemiology: No data available.  
Teratogenicity: No information reported.  
Reproductive Effects: No data available.  
Neurotoxicity: No data available.  
Mutagenicity: No data available.  
Other Studies: No data available. </br. 
Section 12 - Ecological Information  
 
 
Ecotoxicity: Fish: Mosquito Fish: LC50 = 80.0 mg/L; 24 Hr.; Unspecified No data available.  
Environmental: No information found.  
Physical: No information found.  
Other: No information available.  
Section 13 - Disposal Considerations  
 
Chemical waste generators must determine whether a discarded chemical is classified as a hazardous waste. US EPA 
guidelines for the classification determination are listed in 40 CFR Parts 261.3. Additionally, waste generators must 
consult state and local hazardous waste regulations to ensure complete and accurate classification.  
RCRA P-Series: None listed.  
RCRA U-Series: None listed.  
Section 14 - Transport Information  
 
 
US DOT IATA RID/ADR IMO Canada TDG 
Shipping Name: POTASSIUM 
   
POTASSIUM 





Hazard Class: 8 
   
8(9.2) 
UN Number: UN1813 
   
UN1813 
Packing Group: II 
   
II 
 





CAS# 1310-58-3 is listed on the TSCA inventory.  
Health & Safety Reporting List 
None of the chemicals are on the Health & Safety Reporting List.  
Chemical Test Rules 
None of the chemicals in this product are under a Chemical Test Rule.  
Section 12b 
None of the chemicals are listed under TSCA Section 12b.  
TSCA Significant New Use Rule 
None of the chemicals in this material have a SNUR under TSCA.  
SARA 
 
Section 302 (RQ) 
CAS# 1310-58-3: final RQ = 1000 pounds (454 kg)  
Section 302 (TPQ) 
None of the chemicals in this product have a TPQ.  
SARA Codes 
CAS # 1310-58-3: acute, reactive.  
Section 313 
No chemicals are reportable under Section 313.  
Clean Air Act: 
This material does not contain any hazardous air pollutants. This material does not contain any Class 1 Ozone 
depletors. This material does not contain any Class 2 Ozone depletors.  
Clean Water Act: 
CAS# 1310-58-3 is listed as a Hazardous Substance under the CWA. None of the chemicals in this product are listed 
as Priority Pollutants under the CWA. None of the chemicals in this product are listed as Toxic Pollutants under the 
CWA.  
OSHA: 
None of the chemicals in this product are considered highly hazardous by OSHA.  
STATE 
CAS# 1310-58-3 can be found on the following state right to know lists: California, New Jersey, Florida, 
Pennsylvania, Minnesota, Massachusetts.  
California No Significant Risk Level: None of the chemicals in this product are listed. 
European/International Regulations 




R 22 Harmful if swallowed.  
R 35 Causes severe burns.  
 
Safety Phrases: 
S 26 In case of contact with eyes, rinse immediately  
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with plenty of water and seek medical advice.  
S 36/37/39 Wear suitable protective clothing, gloves  
and eye/face protection.  
S 45 In case of accident or if you feel unwell, seek  
medical advice immediately (show the label where  
possible).  
 
WGK (Water Danger/Protection) 
CAS# 1310-58-3: 1  
Canada 
CAS# 1310-58-3 is listed on Canada's DSL List. CAS# 1310-58-3 is listed on Canada's DSL List.  
This product has a WHMIS classification of D1B, E.  
CAS# 1310-58-3 is listed on Canada's Ingredient Disclosure List.  
Exposure Limits 
CAS# 1310-58-3: OEL-AUSTRALIA:TWA 2 mg/m3 OEL-BELGIUM:STEL 2 mg/m3  
OEL-DENMARK:TWA 2 mg/m3 OEL-FINLAND:TWA 2 mg/m3 OEL-FRANCE:STEL 2 m  
g/m3 OEL-JAPAN:STEL 2 mg/m3 OEL-THE NETHERLANDS:TWA 2 mg/m3 OEL-SWI 
TZERLAND:TWA 2 mg/m3 OEL-UNITED KINGDOM:TWA 2 mg/m3;STEL 2 mg/m3 OEL 
IN BULGARIA, COLOMBIA, JORDAN, KOREA check ACGIH TLV OEL IN NEW ZEAL  
AND, SINGAPORE, VIETNAM check ACGI TLV  
Section 16 - Additional Information  
 
MSDS Creation Date: 6/21/1999  
Revision #3 Date: 10/06/2000  
The information above is believed to be accurate and represents the best information currently available to us. However, we make no warranty of 
merchantability or any other warranty, express or implied, with respect to such information, and we assume no liability resulting from its use. Users 
should make their own investigations to determine the suitability of the information for their particular purposes. In no event shall Fisher be liable for any 
claims, losses, or damages of any third party or for lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever 
arising, even if Fisher has been advised of the possibility of such damages.  
 
Sodium Hydroxide 
Material Safety Data Sheet 
Sodium hydroxide, solid, pellets or beads  
ACC# 21300  
Section 1 - Chemical Product and Company Identification 
MSDS Name: Sodium hydroxide, solid, pellets or beads  
Catalog Numbers: S71990, S71990-1, S71991, S71992, S71993, S71993-1, S71993-2, S71993-3, S71993-4, 
S78605, BP359-212, BP359-500, BW13580500, BW1358350, BW13583500, S318-1, S318-10, S318-100, S318-3, 
S318-3LC, S318-5, S318-50, S318-500, S318-50LC, S320-1, S320-10, S320-3, S320-50, S320-500, S612-3, S612-
50, S612-500LB, S613-10, S613-3, S613-50, S613-500LB  
Synonyms: Caustic soda; Soda lye; Sodium hydrate; Lye.  
Company Identification: 
              Fisher Scientific 
              1 Reagent Lane 
              Fair Lawn, NJ 07410  
For information, call: 201-796-7100  
Emergency Number: 201-796-7100  
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For CHEMTREC assistance, call: 800-424-9300  
For International CHEMTREC assistance, call: 703-527-3887  
Section 2 - Composition, Information on Ingredients  
 
CAS# Chemical Name Percent EINECS/ELINCS 
497-19-8 Sodium carbonate <3  207-838-8 
1310-73-2 Sodium hydroxide 95-100  215-185-5 
 
Hazard Symbols: C  
Risk Phrases: 35  
Section 3 - Hazards Identification  
 
EMERGENCY OVERVIEW 
Appearance: white. Danger! Corrosive. Causes eye and skin burns. Hygroscopic. May cause severe respiratory 
tract irritation with possible burns. May cause severe digestive tract irritation with possible burns.  
Target Organs: Eyes, skin, mucous membranes.  
 
 
Potential Health Effects  
Eye: Causes eye burns. May cause chemical conjunctivitis and corneal damage.  
Skin: Causes skin burns. May cause deep, penetrating ulcers of the skin. May cause skin rash (in milder cases), and 
cold and clammy skin with cyanosis or pale color.  
Ingestion: May cause severe and permanent damage to the digestive tract. Causes gastrointestinal tract burns. May 
cause perforation of the digestive tract. Causes severe pain, nausea, vomiting, diarrhea, and shock. May cause 
corrosion and permanent tissue destruction of the esophagus and digestive tract. May cause systemic effects.  
Inhalation: Irritation may lead to chemical pneumonitis and pulmonary edema. Causes severe irritation of upper 
respiratory tract with coughing, burns, breathing difficulty, and possible coma. Causes chemical burns to the 
respiratory tract.  
Chronic: Prolonged or repeated skin contact may cause dermatitis. Effects may be delayed.  
Section 4 - First Aid Measures  
 
 
Eyes: In case of contact, immediately flush eyes with plenty of water for at least 15 minutes. Get medical aid 
immediately.  
Skin: In case of contact, immediately flush skin with plenty of water for at least 15 minutes while removing 
contaminated clothing and shoes. Get medical aid immediately. Wash clothing before reuse.  
Ingestion: If swallowed, do NOT induce vomiting. Get medical aid immediately. If victim is fully conscious, give a 
cupful of water. Never give anything by mouth to an unconscious person.  
Inhalation: If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give 
oxygen. Get medical aid.  
Notes to Physician: Treat symptomatically and supportively.  
Section 5 - Fire Fighting Measures  
 
 
General Information: As in any fire, wear a self-contained breathing apparatus in pressure-demand, 
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MSHA/NIOSH (approved or equivalent), and full protective gear. Use water spray to keep fire-exposed containers 
cool. Use water with caution and in flooding amounts. Contact with moisture or water may generate sufficient heat 
to ignite nearby combustible materials. Contact with metals may evolve flammable hydrogen gas.  
Extinguishing Media: Substance is noncombustible; use agent most appropriate to extinguish surrounding fire. Do 
NOT get water inside containers.  
Section 6 - Accidental Release Measures  
 
 
General Information: Use proper personal protective equipment as indicated in Section 8.  
Spills/Leaks: Vacuum or sweep up material and place into a suitable disposal container. Avoid runoff into storm 
sewers and ditches which lead to waterways. Clean up spills immediately, observing precautions in the Protective 
Equipment section. Avoid generating dusty conditions. Provide ventilation. Do not get water on spilled substances 
or inside containers.  
Section 7 - Handling and Storage  
 
 
Handling: Wash thoroughly after handling. Do not allow water to get into the container because of violent reaction. 
Minimize dust generation and accumulation. Do not get in eyes, on skin, or on clothing. Keep container tightly 
closed. Avoid ingestion and inhalation. Discard contaminated shoes. Use only with adequate ventilation.  
Storage: Store in a tightly closed container. Store in a cool, dry, well-ventilated area away from incompatible 
substances. Keep away from metals. Corrosives area. Keep away from acids. Store protected from moisture. 
Containers must be tightly closed to prevent the conversion of NaOH to sodium carbonate by the CO2 in air.  
Section 8 - Exposure Controls, Personal Protection  
 
 
Engineering Controls: Facilities storing or utilizing this material should be equipped with an eyewash facility and a 
safety shower. Use adequate general or local exhaust ventilation to keep airborne concentrations below the 
permissible exposure limits.  
Exposure Limits  
Chemical Name ACGIH NIOSH OSHA - Final PELs 
Sodium carbonate none listed none listed none listed 
Sodium hydroxide C 2 mg/m3 10 mg/m3 IDLH 2 mg/m3 TWA 
 
OSHA Vacated PELs: Sodium carbonate: No OSHA Vacated PELs are listed for this chemical. Sodium hydroxide: 
C 2 mg/m3  
Personal Protective Equipment  
Eyes: Wear chemical goggles.  
Skin: Wear appropriate protective gloves to prevent skin exposure.  
Clothing: Wear appropriate protective clothing to prevent skin exposure.  
Respirators: A respiratory protection program that meets OSHA's 29 CFR §1910.134 and ANSI Z88.2 
requirements or European Standard EN 149 must be followed whenever workplace conditions warrant a respirator's 
use.  
Section 9 - Physical and Chemical Properties  
 
 
Physical State: Solid  
Appearance: white  
Odor: Odorless  
pH: 14 (5% aq soln)  
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Vapor Pressure: 1 mm Hg @739 deg C  
Vapor Density: Not available.  
Evaporation Rate:Not available.  
Viscosity: Not available.  
Boiling Point: 1390 deg C @ 760 mm Hg  
Freezing/Melting Point:318 deg C  
Autoignition Temperature: Not applicable.  
Flash Point: Not applicable.  
Decomposition Temperature:Not available.  
NFPA Rating: (estimated) Health: 3; Flammability: 0; Reactivity: 1  
Explosion Limits, Lower:Not available.  
Upper: Not available.  
Solubility: Soluble.  
Specific Gravity/Density:2.13 g/cm3  
Molecular Formula:NaOH  
Molecular Weight:40.00  
Section 10 - Stability and Reactivity  
 
 
Chemical Stability: Stable at room temperature in closed containers under normal storage and handling conditions.  
Conditions to Avoid: Moisture, contact with water, exposure to moist air or water, prolonged exposure to air.  
Incompatibilities with Other Materials: Acids, water, flammable liquids, organic halogens, metals, aluminum, 
zinc, tin, leather, wool, nitromethane.  
Hazardous Decomposition Products: Toxic fumes of sodium oxide.  
Hazardous Polymerization: Will not occur.  




CAS# 497-19-8: VZ4050000  
CAS# 1310-73-2: WB4900000  
LD50/LC50: 
CAS# 497-19-8: 
Draize test, rabbit, eye: 100 mg/24H Moderate; 
Draize test, rabbit, eye: 50 mg Severe; 
Draize test, rabbit, skin: 500 mg/24H Mild; 
Inhalation, mouse: LC50 = 1200 mg/m3/2H; 
Inhalation, rat: LC50 = 2300 mg/m3/2H; 
Oral, mouse: LD50 = 6600 mg/kg; 
Oral, rat: LD50 = 4090 mg/kg;<br. 
 
CAS# 1310-73-2: 
Draize test, rabbit, eye: 400 ug Mild; 
Draize test, rabbit, eye: 1% Severe; 
Draize test, rabbit, eye: 50 ug/24H Severe; 
Draize test, rabbit, eye: 1 mg/24H Severe; 
Draize test, rabbit, skin: 500 mg/24H Severe;<br. 
 
Carcinogenicity: 
CAS# 497-19-8: Not listed by ACGIH, IARC, NIOSH, NTP, or OSHA. CAS# 1310-73-2: Not listed by ACGIH, 
IARC, NIOSH, NTP, or OSHA.  
Epidemiology: No information available.  
Teratogenicity: No information available.  
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Reproductive Effects: No information available.  
Neurotoxicity: No information available.  
Mutagenicity: No information available.  
Other Studies: See actual entry in RTECS for complete information. </br. 
</br. 
Section 12 - Ecological Information  
 
No information available.  
Section 13 - Disposal Considerations  
 
Chemical waste generators must determine whether a discarded chemical is classified as a hazardous waste. US EPA 
guidelines for the classification determination are listed in 40 CFR Parts 261.3. Additionally, waste generators must 
consult state and local hazardous waste regulations to ensure complete and accurate classification.  
RCRA P-Series: None listed.  
RCRA U-Series: None listed.  
Section 14 - Transport Information  
 
 





   
SODIUM 
HYDROXIDE 
Hazard Class: 8 
   
8(9.2) 
UN Number: UN1823 
   
UN1823 
Packing Group: II 
   
II 
 





CAS# 497-19-8 is listed on the TSCA inventory.  
CAS# 1310-73-2 is listed on the TSCA inventory.  
Health & Safety Reporting List 
None of the chemicals are on the Health & Safety Reporting List.  
Chemical Test Rules 
None of the chemicals in this product are under a Chemical Test Rule.  
Section 12b 
None of the chemicals are listed under TSCA Section 12b.  
TSCA Significant New Use Rule 
None of the chemicals in this material have a SNUR under TSCA.  
SARA 
 
Section 302 (RQ) 
CAS# 1310-73-2: final RQ = 1000 pounds (454 kg)  
Section 302 (TPQ) 
None of the chemicals in this product have a TPQ.  
SARA Codes 
CAS # 497-19-8: acute. CAS # 1310-73-2: acute, reactive.  
Section 313 
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No chemicals are reportable under Section 313.  
Clean Air Act: 
This material does not contain any hazardous air pollutants. This material does not contain any Class 1 Ozone 
depletors. This material does not contain any Class 2 Ozone depletors.  
Clean Water Act: 
CAS# 1310-73-2 is listed as a Hazardous Substance under the CWA. None of the chemicals in this product are listed 
as Priority Pollutants under the CWA. None of the chemicals in this product are listed as Toxic Pollutants under the 
CWA.  
OSHA: 
None of the chemicals in this product are considered highly hazardous by OSHA.  
STATE 
CAS# 497-19-8 is not present on state lists from CA, PA, MN, MA, FL, or NJ.  
CAS# 1310-73-2 can be found on the following state right to know lists: California, New Jersey, Florida, 
Pennsylvania, Minnesota, Massachusetts.  
California No Significant Risk Level: None of the chemicals in this product are listed. 
European/International Regulations 




R 35 Causes severe burns.  
 
Safety Phrases: 
S 26 In case of contact with eyes, rinse immediately  
with plenty of water and seek medical advice.  
S 37/39 Wear suitable gloves and eye/face  
protection.  
S 45 In case of accident or if you feel unwell, seek  
medical advice immediately (show the label where  
possible).  
 
WGK (Water Danger/Protection) 
CAS# 497-19-8: 1  
CAS# 1310-73-2: 1  
Canada 
CAS# 497-19-8 is listed on Canada's DSL List. CAS# 497-19-8 is listed on Canada's DSL List. CAS# 1310-73-2 is 
listed on Canada's DSL List. CAS# 1310-73-2 is listed on Canada's DSL List.  
 
This product has a WHMIS classification of E.  
CAS# 497-19-8 is listed on Canada's Ingredient Disclosure List.  
CAS# 1310-73-2 is listed on Canada's Ingredient Disclosure List.  
Exposure Limits 
CAS# 1310-73-2: OEL-AUSTRALIA:TWA 2 mg/m3 OEL-BELGIUM:STEL 2 mg/m3  
OEL-DENMARK:TWA 2 mg/m3 OEL-FINLAND:TWA 2 mg/m3 OEL-FRANCE:TWA 2 mg  
/m3 OEL-GERMANY:TWA 2 mg/m3 OEL-JAPAN:STEL 2 mg/m3 OEL-THE NETHERLA 
NDS:TWA 2 mg/m3 OEL-THE PHILIPPINES:TWA 2 mg/m3 OEL-SWEDEN:TWA 2 mg/ 
m3 OEL-SWITZERLAND:TWA 2 mg/m3;STEL 4 mg/m3 OEL-THAILAND:TWA 2 mg/m3 
OEL-TURKEY:TWA 2 mg/m3 OEL-UNITED KINGDOM:TWA 2 mg/m3;STEL 2 mg/m3  
OEL IN BULGARIA, COLOMBIA, JORDAN, KOREA check ACGIH TLV OEL IN NEW  
ZEALAND, SINGAPORE, VIETNAM check ACGI TLV  
Section 16 - Additional Information  
 
MSDS Creation Date: 12/12/1997  
Revision #4 Date: 8/01/2001  
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The information above is believed to be accurate and represents the best information currently available to us. However, we make no warranty of 
merchantability or any other warranty, express or implied, with respect to such information, and we assume no liability resulting from its use. Users 
should make their own investigations to determine the suitability of the information for their particular purposes. In no event shall Fisher be liable for any 
claims, losses, or damages of any third party or for lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever 
arising, even if Fisher has been advised of the possibility of such damages.  
 
Sodium Metaperiodate 
Material Safety Data Sheet 
Sodium periodate 
ACC# 21495 
MSDS Name: Sodium periodate 
Catalog Numbers: AC198380000, AC198380050, AC198381000, AC198385000, AC419610000, 
AC419610050, AC419615000, S398-100, S398-50 
Synonyms: Sodium metaperiodate; Periodic acid (HIO4), sodium salt. 
Company Identification: 
Fisher Scientific 
1 Reagent Lane 
Fair Lawn, NJ 07410 
For information, call: 201-796-7100 
Emergency Number: 201-796-7100 
For CHEMTREC assistance, call: 800-424-9300 
For International CHEMTREC assistance, call: 703-527-3887 
EMERGENCY OVERVIEW 
Appearance: white crystalline powder. 
Danger! Strong oxidizer. Contact with other material may cause a fire. Causes eye, skin, and 
respiratory tract irritation. May be harmful if swallowed, inhaled, or absorbed through the skin. 
Target Organs: Respiratory system, eyes, skin. 
Potential Health Effects 
Eye: Causes eye irritation. 
Skin: Causes skin irritation. May be harmful if absorbed through the skin. 
Ingestion: May cause irritation of the digestive tract. May be harmful if swallowed. 
Inhalation: Causes respiratory tract irritation. May be harmful if inhaled. 
Chronic: Prolonged or repeated skin contact may cause dermatitis. 
Eyes: Flush eyes with plenty of water for at least 15 minutes, occasionally lifting the upper and 
lower eyelids. Get medical aid immediately. 
Skin: Get medical aid. Flush skin with plenty of water for at least 15 minutes while removing 
Section 1 - Chemical Product and Company Identification 
Section 2 - Composition, Information on Ingredients 
CAS# Chemical Name Percent EINECS/ELINCS 
7790-28-5 Sodium metaperiodate 99 232-197-6 
Section 3 - Hazards Identification 
Section 4 - First Aid Measures 
Page 1 of 6 
http://fscimage.fishersci.com/msds/21495.htm 5/30/2008 
contaminated clothing and shoes. 
Ingestion: If victim is conscious and alert, give 2-4 cupfuls of milk or water. Never give anything 
by mouth to an unconscious person. Get medical aid immediately. 
Inhalation: Remove from exposure and move to fresh air immediately. If not breathing, give 
artificial respiration. If breathing is difficult, give oxygen. Get medical aid. 
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Notes to Physician: Treat symptomatically and supportively. 
General Information: As in any fire, wear a self-contained breathing apparatus in pressuredemand, 
MSHA/NIOSH (approved or equivalent), and full protective gear. Strong oxidizer. Contact 
with other material may cause fire. 
Extinguishing Media: Use water only! May require flooding with water in order to eliminate 
hazardous reactions since the materials generate their own oxygen. Do NOT use dry chemicals, 
CO2, Halon or foams. 
Flash Point: Not applicable. 
Autoignition Temperature: Not available. 
Explosion Limits, Lower:Not available. 
Upper: Not available. 
NFPA Rating: (estimated) Health: 2; Flammability: 0; Instability: 0; Special Hazard: OX 
General Information: Use proper personal protective equipment as indicated in Section 8. 
Spills/Leaks: Vacuum or sweep up material and place into a suitable disposal container. Avoid 
generating dusty conditions. Provide ventilation. Keep combustibles (wood, paper, oil, etc.,) away 
from spilled material. 
Handling: Wash thoroughly after handling. Remove contaminated clothing and wash before reuse. 
Use with adequate ventilation. Minimize dust generation and accumulation. Avoid contact with 
eyes, skin, and clothing. Avoid contact with clothing and other combustible materials. Keep from 
contact with clothing and other combustible materials. Avoid breathing dust. 
Storage: Do not store near combustible materials. Store in a tightly closed container. Store in a 
cool, dry, well-ventilated area away from incompatible substances. Keep away from reducing 
agents. 
Engineering Controls: Facilities storing or utilizing this material should be equipped with an 
eyewash facility and a safety shower. Use adequate ventilation to keep airborne concentrations 
low. 
Exposure Limits 
Section 5 - Fire Fighting Measures 
Section 6 - Accidental Release Measures 
Section 7 - Handling and Storage 
Section 8 - Exposure Controls, Personal Protection 
Chemical Name ACGIH NIOSH OSHA - Final PELs 
Page 2 of 6 
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OSHA Vacated PELs: Sodium metaperiodate: No OSHA Vacated PELs are listed for this chemical. 
Personal Protective Equipment 
Eyes: Wear appropriate protective eyeglasses or chemical safety goggles as described by OSHA's 
eye and face protection regulations in 29 CFR 1910.133 or European Standard EN166. 
Skin: Wear appropriate protective gloves to prevent skin exposure. 
Clothing: Wear appropriate protective clothing to prevent skin exposure. 
Respirators: Follow the OSHA respirator regulations found in 29 CFR 1910.134 or European 
Standard EN 149. Use a NIOSH/MSHA or European Standard EN 149 approved respirator if 
exposure limits are exceeded or if irritation or other symptoms are experienced. 
Physical State: Crystalline powder 
Appearance: white 
Odor: odorless 
pH: Not available. 
Vapor Pressure: Not available. 
Vapor Density: Not available. 
Evaporation Rate:Not available. 
Viscosity: Not available. 
Boiling Point: Not available. 
Freezing/Melting Point:300 deg C (dec) 
Decomposition Temperature:300 deg C 
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Solubility: 80 g/l @ 20°C 
Specific Gravity/Density:Not available. 
Molecular Formula:INaO4 
Molecular Weight:213.89 
Chemical Stability: Stable under normal temperatures and pressures. 
Conditions to Avoid: Dust generation. 
Incompatibilities with Other Materials: Strong reducing agents, combustible materials. 
Hazardous Decomposition Products: Hydrogen iodide, sodium oxide, iodine. 
Hazardous Polymerization: Will not occur. 
RTECS#: 




CAS# 7790-28-5: Not listed by ACGIH, IARC, NTP, or CA Prop 65. 
Sodium metaperiodate none listed none listed none listed 
Section 9 - Physical and Chemical Properties 
Section 10 - Stability and Reactivity 
Section 11 - Toxicological Information 
Page 3 of 6 
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Epidemiology: No data available. 
Teratogenicity: No data available. 
Reproductive Effects: No data available. 
Mutagenicity: No data available. 
Neurotoxicity: No data available. 
Other Studies: 
No information available. 
Chemical waste generators must determine whether a discarded chemical is classified as a 
hazardous waste. US EPA guidelines for the classification determination are listed in 40 CFR Parts 
261.3. Additionally, waste generators must consult state and local hazardous waste regulations to 
ensure complete and accurate classification. 
RCRA P-Series: None listed. 
RCRA U-Series: None listed. 
US FEDERAL 
TSCA 
CAS# 7790-28-5 is listed on the TSCA inventory. 
Health & Safety Reporting List 
None of the chemicals are on the Health & Safety Reporting List. 
Chemical Test Rules 
None of the chemicals in this product are under a Chemical Test Rule. 
Section 12b 
None of the chemicals are listed under TSCA Section 12b. 
TSCA Significant New Use Rule 
None of the chemicals in this material have a SNUR under TSCA. 
CERCLA Hazardous Substances and corresponding RQs 
None of the chemicals in this material have an RQ. 
SARA Section 302 Extremely Hazardous Substances 
None of the chemicals in this product have a TPQ. 
Section 12 - Ecological Information 
Section 13 - Disposal Considerations 
Section 14 - Transport Information 
US DOT Canada TDG 
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Shipping Name: OXIDIZING SOLID, N.O.S. 
OXIDIZING SOLID NOS (SODIUM 
PERIODATE) 
Hazard Class: 5.1 5.1 
UN Number: UN1479 UN1479 
Packing Group: II II 
Section 15 - Regulatory Information 
Page 4 of 6 
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SARA Codes 
CAS # 7790-28-5: fire. 
Section 313 No chemicals are reportable under Section 313. 
Clean Air Act: 
This material does not contain any hazardous air pollutants. 
This material does not contain any Class 1 Ozone depletors. 
This material does not contain any Class 2 Ozone depletors. 
Clean Water Act: 
None of the chemicals in this product are listed as Hazardous Substances under the CWA. 
None of the chemicals in this product are listed as Priority Pollutants under the CWA. 
None of the chemicals in this product are listed as Toxic Pollutants under the CWA. 
OSHA: 
None of the chemicals in this product are considered highly hazardous by OSHA. 
STATE 
CAS# 7790-28-5 is not present on state lists from CA, PA, MN, MA, FL, or NJ. 
California Prop 65 
California No Significant Risk Level: None of the chemicals in this product are listed. 
European/International Regulations 




R 20/21/22 Harmful by inhalation, in contact with skin and if 
swallowed. 
R 36/37/38 Irritating to eyes, respiratory system and skin. 
R 8 Contact with combustible material may cause fire. 
Safety Phrases: 
S 17 Keep away from combustible material. 
S 26 In case of contact with eyes, rinse immediately with plenty of 
water and seek medical advice. 
S 36/37/39 Wear suitable protective clothing, gloves and eye/face pr 
otection. 
WGK (Water Danger/Protection) 
CAS# 7790-28-5: 1 
Canada - DSL/NDSL 
CAS# 7790-28-5 is listed on Canada's DSL List. 
Canada - WHMIS 
This product has a WHMIS classification of C. 
This product has been classified in accordance with the hazard criteria of the Controlled Products 
Regulations and the MSDS contains all of the information required by those regulations. 
Canadian Ingredient Disclosure List 
MSDS Creation Date: 9/15/1998 
Revision #4 Date: 3/15/2007 
The information above is believed to be accurate and represents the best information currently available to us. However, we make 
no warranty of merchantability or any other warranty, express or implied, with respect to such information, and we assume no 
liability resulting from its use. Users should make their own investigations to determine the suitability of the information for their 
Section 16 - Additional Information 
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particular purposes. In no event shall Fisher be liable for any claims, losses, or damages of any third party or for lost profits or any 
special, indirect, incidental, consequential or exemplary damages, howsoever arising, even if Fisher has been advised of the 
possibility of such damages. 
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